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The four factors FEWS@ieew in the diagram are reduced by oral 
anticoagulant treatment. The combined activity of these factors is 
measured by Thrombotest. 
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The chest physician daily comes into con- 
ct with phenomena associated with the 
astic properties of the lungs. The lung col- 
pses when the chest wall is penetrated or 
e lung ruptures, and the difference in pres- 
re between the external air and the pleural 
vity decreases. At the same time as the 
ng contracts as a result of its elastic pro- 
tties, the chest wall has a tendency to 
pand slightly, i. ¢., to stretch outward. In 
rious disease conditions, may 
cur in the elastic properties of the lungs 


changes 


1 Present adress: Mantytie 10, Helsinki, Finland. 


or the chest wall or in the intrathoracic pres- 
sures, resulting in a disturbance of the re- 
spiratory mechanism and its reflection in the 
clinical picture of the disease. 

Already in 1916 Rohrer presented his 
charts on the respiratory economy based on 
theoretic calculations. Thirty years passed 
before it was possible to demonstrate experi- 
mentally the interrelationship between the 
lungs, chest wall and the intrathoracic pres- 
sure (Rahn, Otis, Chadwick & Fenn 1946). 
Recently Donleben (1959) presented the 
sources of error in many currently used 
methods and their corrections. The methods 
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Fig. 1. Flow meter disassembled into its component 

parts, which are fastened together with screws to 

form an airtight unit. Note metal net (wires, 25 u 
diameter, 400/in.) in the center. 


in use have the drawback that they are either 
complicated or expensive. The object of the 
present paper is to present a simple and 
comparatively inexpensive method used by 
the author in the measurement of compliance 
and elastance of the lungs. Our experience 
with this method indicates in our opinion 
that it is well suited for clinical use. 


DESCRIPTION OF THE METHOD 


Apparatus. The flow meter used in the 
present investigation (Fig. 1) is similar to that 
described by Lilly (1950). 


The differential manometers for determination 
of the pressure differences (a. on the two sides of 
a small-meshed metal net in the flow meter; b. in- 
traesophageal/mouth pressure difference) were of 
identical construction. One of the gas pressures is 
led into the aneroid. A movable reflector is 
attached to the aneroid by means of an adjustable 
lever. The aneroid and its lever and reflector are 
enclosed in an airtight compartment of plastic 
sheets made airtight with rubber packing and 
screws so as to leave a minimum of air space be- 
tween the aneroid and the plastic sheets. The other 
gas pressure is conducted into the space outside the 
aneroid. The outer plastic sheet has an airtight 
glass window over the reflector (Fig. 2). 

The source of ight was a lamp (6 V, 20—5 W), 
to which the current was connected through a 
transformer. The light was conducted through a 
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metal tube with a narrow slit to a prism, whi 
distributed a linear ray of light onto the reflec 
in each of the two differential manometers. 

The photographic camera was KIPP type 
into which the line of light was directed vertic 


When the aperture of the camera is a horizo. 
slit, both vertical rays of light are recorded as € 
on the film turning in the camera. Two curves 
thus recorded on the filin simultaneously (Fig. 
One of the curves depicts the rate of flow and 
other the intraecsophageal/mouth differential p 
sure. ; 
The intraesophageal pressure, which is not 
actly the same as the intrapleural pressure altho 
it lies close to it (vide Donleben), was measur 
the esophageal catheterization technique (E 
Stead, Ebert, Lubin & Wells 1952). A very thi 
latex balloon with a length of 13 cm and a volu 
of about 6 ml and attached to plastic tubing 
2 mm internal diameter was introduced through 
nose of the examined subject and into the & 
phagus to the level of the heart. The mouth pr 
sure was measured through a side tube attached 
the side of the mouthpiece (Fig. 3). 


; 


. 


* 
Fig. 2. Differential manometer consisting of 
aneroid and a reflector attached to the aneroid 
means of a lever. The manometer is enclosed : 
tight between plastic sheets fastened with secre’ 
One of the gas pressures to be differentiated 
conducted into the small air space between | 
aneroid and plastic sheets. Outer plastic sheet | 

a glass window over the reflector. 
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. 3. Assembled apparatus. Mouthpiece (on left) 
h attached side tube for measurement of mouth 
ssure, connected to the flow meter. Two plastic 
es lead from the flow meter to one of the differ- 
ial manometers. Another plastic tube, serving as 
phageal catheter, and the mouth pressure tube 
n the mouthpiece are connected to the other 
erential manometer. Camera is seen on the right. 
ce of light and prisms are seen between the 
camera and the differential manometers. 


[The differential manometers, the light source 
h transformed, and the camera were attached to 
tand (Fig. 3). During measurement the entire 
1d was covered with a thin metal hood to pre- 
t light entering the camera (Fig. 4). 
>rocedures. The esophageal catheter was 
oduced through the subject’s nose and the nose 
, closed with a clamp. The mouthpiece was 
1 inserted. This was a heavy plastic tube which 
connected to the flow meter (Fig. 3—4). The 
ject was at rest in a comfortable sitting position. 

was instructed to breathe calmly but was 
wed to choose freely his respiratory rate and 
1 volume. The tidal volume was calculated 
metrically from the flow curve. 


Salibratiom Fig. 6 shows the calibration of 
flow curve. It will be observed that values up 
30 liters/min. (2170 ml/sec.) can be calculated, 
ch is adequate for studies made at rest. Fig. 7 
ws the calibration of the differential manometer 
esophageal/mouth pressures. The manometer 


gives a different calibration for low rates of flow 
than for high rates, and allowance has been made 
for this in the calculation. At fast rates of flow, 
pressure differences over + 10 cmHgO are not 
reliable. 


Calculation, Elastance of the lungs is the 
ratio of the change in pressure to the change in 
lung volume. In other words, it indicates the change 
in the esophageal/mouth differential pressure when 
the lungs expand (or contract) by 1 liter. Therefore 
a@ greater pressure change is necessary to effect a 
given expansion of the lungs in “‘stiff’' lungs than 
in “not stiff’ lungs. 

Compliance of the lungs is the inverse value of 
the preceding, and it states the change in liters in 
the lung “volume” produced by a pressure change 
of 1 cm He0. 

Modulus of elasticity is the real indicator of the 
“stiffness” of the lungs (cm HeO). It was cal- 
culated from the formula E=SV., where S= 
elastance of the lungs, and V. = “initial volume” of 
the lungs (7. e., functional residual capacity — T., 
where T. represents the “tidal volume” expired 
between the end-expiration level and the point 
when the intrapleural pressure is zero). V. is in- 
termediary in size between residual volume and 
functional residual capacity; in ephysema it is the 
same as FRC (Donleben). 


Fig. 4. Performance of measurement. During meas- 

urement the differential manometers and the source 

of light are covered with a light-tight metal hood. 

After esophageal catheterization the patient, in a 

sitting position, breathes through the mouthpiece 
into the flow meter. Cf. Fig. 3. 
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mouth differential pressure curves for male patient 
aged 40 (diagnosis: interatrial septal defect). Pa- 
tient breathed at epproximately the same rate of 
flow but altered the tidal volume and 
respiratory rate. 


Mean inspiratory resistance was calculated from 
the ratio between the initial and final pressure 
difference and the rate of flow. It states the pres- 
sure change occurring during inspiration when the 
rate of flow is 1 liter per second. 


515 ie 
Gias, 

=¢ 

Gh 

x< 
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RECORDED 


Fig. 6. Calibration curve of the flow meter. 


RESULTS 
Some Clinical Observations 


The measurements in four healthy male 
subjects are given for comparison with the 
clinical series (Table I). The values corre- 
spond to normal values reported in the litera- 
ture (McIlroy & Bates 1956, Donleben 
1959, McIlroy & Marshall 1959). 

‘rom the data for 10 illustrative clinical 
cases it can be seen that primary disease of 


the lungs and primary heart disease ca 
stiffness of the. lung tissue in a differ 
manner (Table II). In unilateral cys 
disease of the lung some of the elasticit 
the lung is lost and the value for clastan 
is low and that for compliance relati 
high. Atelectasis of one lobe (case J. K., 
to compression of bronchus caused by mali 
nant mediastinal lymphogranulomatosis) pr 
duced considerable stiffness. Fibrosis of i 
lung in bronchiectasis greatly reduced # 
expansion of the lungs and caused increas 
inspiratory resistance. 


] 

\ 

In heart disease, especially mitral sen 
there are marked changes due to stiffne 
produced by an increased pulmonary artefi 


pressure (Larmi & Appelqvist 1960), ai 


possibly also by secondary sclerosis and pr 
liferation of interstitial tissue (Larmi 1955 

Four patients subjected to lobectomy 
pneumonectomy, were measured three wee 
after operations (Table III). The preopet 
tive values of two of these patients were i 
cluded in Table II. Postoperatively the el 
tance of all these patients was above norm 
the compliance below normal, and the me 


RECORDED 
EXCURSION 
(MM) 
20 40 60 


20 +15 +10 +5 =5 =I) <|5i-23) 
MANOMETER 
PRESSURE 
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Fig. 7. Calibration curve of the esophageal/mo 
differential manometer. 
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Table I. Physical Measurements of Some Visco-elastic Properties of the Lungs 
in Four Healthy Subjects. 


ur Healthy Elastance Compliance | Modulus of | Respiratory Rate of Mean Inspirator 
Subjects Elasticity Rate per Flow Resistance 
minute 


(Males) cmH,O/liter | liter/e-mH,O cmH,O mil/sec. cmH,O/liter/sec. 
Mean 4.64 0.220 9.45 24 1695 4.47 
Range 3:70=5.50 9.180-0.270 7.6-11.2 21.5—28.0 1610-2140 1.86—5.22 
les LUIS 0.0331 2.08 2.4 280 1222) 

*s = standard deviation of the mean. 

spiratory resistance elevated. It may be DISCUSSION 

adily deduced (Fig. 8) that after pneu- The present method is suitable for clinical 


onectomy a greater esophageal/mouth dif- measurement at rest of the visco-elastic prop- 
rential pressure is needed to produce the erties of the lungs. There is wide clinical 
me rate of flow within a given time at application of the method. Christie (1953) 
proximately the same respiratory rate and stated that dyspnea and orthopnea in heart 
ith approximately the same tidal volume as__ disease are a result of increased respiratory 
fore operation. effort due to pulmonary congestion. The 


Table II. Physical Measurements of Some Visco-elastic Properties of the Lungs 
in Some Illustrative Clinical Cases. 


Elastance Compliance | Respiratory Rate of Mean Inspiratory 
Rate per Flow Resistance 


minute 


ubject, Age 


Bed Sex Diagnosis 


cmH, O/liter | liter/emH,0O | m/sec. cmH,O/liter/sec. 


K., 37,M  Pulmo cystica 


unilateralis 4.0 0.248 22 1010 5.0 
I., 50,M _ Bronchial 

carcinoma 7.0 0.144 25 1225 7.4 
K., 65,M _ Atelectasis of 

middle lobe 7.8 0.128 19.5 895 10.2 
.B., 20,M _ Bronchiectasy 9.9 0.101 17 775 a7 
.T., 37,M  Bronchiectasy 10.6 0.094 23 535 18.7 
.T6., 40, M __Interatrial 

septal defect Sui 0.200 23 850 5.8 
K., 21,M  Coarctation 

of the aorta 7.9 0.127 22 685 9.4 
me, 25, F Patent ductus 

arteriosus 8.9 0.112 25 715 11.9 
oe, 37, F Mitral stenosis 12.6 0.079 21 440 18.7 


om 28, F Mitral stenosis 18.5 0.054 16 535 29.5 
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Table III. Physical Measurements of Some Visco-elastic Properties of the 
Lungs in Four Subjects After Gross Resection of the Lungs. 
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Subject, Age Elastance Compliance | Modulus of Rate of Mean Inspirato 
and Sex Elasticity Respiratory Flow Resistance — 
Rate per 
cmH,O/liter | liter/emH,O cmH,O minute m/sec. cmH,O/liter/ 


A.K., 37, M** 10.3 0.098 
O.B., 20, M*.. 13.0 0.077 
V.B., 60, M*¥* slilaa| 0.090 
V.L., 67, M** 16.4 0.061 
*after lobectomy. **after pneumonectomy. 
PALA.K. 0G: PULMO CYSTICA UNILATERALIS 
BEFORE OPERATION AFTER PNEUMONECTOMY 
4 
as FLOW ‘4 
MN ade = Se eer ee A 
i 100. 
ESOPHAGEAL | a 
"resin | 
(cm #,0) 
=! Ss ss} 
TSEC, TSEC, 
Fig. 8 Air flow curve and esophageal/mouth 


differential pressure curve determined before and 
after pneumonectomy in male patient aged 37 (diag- 
nosis: unilateral cystic disease of lung). Rate of 
flow and respiratory rate were the same before and 
after operation, tidal volume was postoperatively 
slightly lower than preoperatively, but fluctuations 
in the esophageal/mouth differential pressure fol- 
lowing pneumonectomy were twice as great as 
before operation. 


patient chooses a respiration that causes a 
minimum of respiratory effort, 7. ¢., he gen- 
erally increases the respiratory rate at the 
expense of the tidal volume. On the other 
hand, especially in emphysema, the non- 
elastic resistance of the lungs is increased. 
In voluntary hyperventilation the respiratory 
work is then greatly increased, whereas in 
hyperventilation caused by exercise it is de- 
creased, contrary to that in heart disease. 


28.1 


22 1070 tes. 
22 950 16.7 
23 800 11.9 
26 1550 13.3 


Following pneumonectomy, one lung 
take care of the total ventilation. With ea 
inspiration the remaining lung must 
“twice” as much work as normally. Its 
serves therefore are only one-half of nor 
As a result, dyspnea develops more readih 
It is comprehensible that the elevated pre 
sure on the pneumonectomized side of t 
pleural cavity hampers the respiratory moy 
ments of the remaining lung. For this . 
son the patients are greatly relieved 
equalization of the excess pressure. On tt 
other hand, the excess pressure would pr 
vent overinflation of the remaining lun; 
Reduction of compliance to less than on 
half of normal is considered a sign of ove 
inflation in the remaining lung (Mcllroy : 
Bates 1956). 


The increased elasticity of the lungs fo 
lowing lobectomy in the present series ma 
also have been a result of elevated intr 
pleural pressure in the early postoperati} 
phase. Although lung function tests thi 
weeks after operation already show fail 
good results (Scheinin 1958), the vis¢ 
elastic properties of the lungs and the ch 
wall have evidently not as yet become equé 
ized and require a longer time for recovet 
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SUMMARY 


\ method of measurement of lung elastic-: 


and compliance using flow meter and 
phageal catheterization techniques is pre- 
ted. The mechanical differential mano- 
ters described are simple in construction 
1 low in price. The method is suited for 
ical use for measurements at rest. 

The authors report normal values and 
ical data obtained by this method con- 
ming the visco-elastic properties of the 
gs in certain lung and heart patients and 


four patients following pneumonectomy or 


ectomy. 
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As a result of heart surgery, some patients 
observe at a fairly early postoperative stage 
that their breathing is easier, whereas the 
relief of subjective symptoms in others 
requires a longer time even following a suc- 
cessful operation. The lung is readily disten- 
sible postoperatively by suction in some 
cases, but in other patients this may be 
difficult. Reasons for these differences may 
be the accumulation of, for example, blood 
and fluid into the pleural cavity, postoperat- 
ive pain, and so on, but a difinite reason 
cannot always be found without special ex- 
amination. Could a difference in the visco- 
elastic properties of the lungs possibly be the 
reason for this? 


In respiration the organism must, during 
each inspiration, overcome a resistance that 
is equivalent to the sum of the elastic and 
non-elastic resistance of the lungs and chest 
wall, and the resistance of the turbulence 
and viscosity of air flow. In pathological 
conditions the increase in these resistances 
produces a feeling that “breathing is diffi- 
cult”. In certain heart diseases, such as 
mitral stenosis, the elasticity of the lungs 
and chest wall is reduced and respiratory 
work therefore is increased (Brown, Fry & 


Ebert 1954; Christie 1953). Are the 
mechanical properties of the lungs alter 
postoperatively? Theoretically this is pe 
sible, since in mitral stenosis, for examp 
there occur changes in the pulmonary art 
rial pressure, pulmonary blood volume, @ 
(Bing, Heimbecker & Falholt 1951; Gross 
Brockhoff & Schoedel 1958). The object 
the present paper is to present the ex{ 
rience we have had concerning visco-elas 
properties of the lungs in certain cardiac ai 
vascular diseases before and after hee 
surgery. 


MATERIAL AND METHODS 


Measurements were made on nine patients Ww 
mitral stenosis, four of whom were also stud 
postoperatively, eight patients with patent duc 
arteriosus, seven of whom also had a postoperat 
examination, and one patient with concretio cor 
and one with coarctation of the aorta, both of wh 
were studied pre- and postoperatively. The me 
urements were made 1—2 days before and 3 we 
after operation. 

The mechanical properties of the lungs w 
measured with a flow meter (Lilly 1950) and 
the esophageal catheterization technique (Fry, Ste 
Ebert, Lubin & Wells 1952). The apparatus, p 
cedure, calculations and normal values have b 
described in another connection (Larmi & Apt 
qvist, 1961). 
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RESULTS 


1 only two of the nine patients with 
al stenosis were the elastance and com- 
ce within normal limits before opera- 
; in all the other patients the elastance 
increased and the compliance decreased. 
modulus of elasticity of the lungs and 
mean inspiratory resistance were in- 
sed in all the cases. The mean preoper- 
> values of the group are shown in PULMONARY ARTERIAL PRESSURE 
le I. It was found that the higher the (Dasher mee 
ionary arterial pressure, the greater also Fig. 1. Correlation of elastance of the lungs and 
elastance of the lungs (Fig. 1) and the “pulmonary arterial pressure in eight cases with 
oa : : mitral stenosis. © — cases without pulmonary em- 
ulus of elasticity. If the diastolic pul- plajsema hoo == av cece wheal eerie yen 
ary arterial pressure was above 20 mm 
the elastance exceeded the normal limits. respect that the average of the postoperative 
ostoperatively the values of three patients values showed a slightly increased “‘stiff- 
ained unchanged or reverted to normal, ness” of the lungs (Table II). The last men- 
those of one patient were “poorer” in the tioned patient was a woman aged 50 who. 
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Table I. Physical Measurements of Visco-elastic Properties of the Lungs in 
Mitral Stenosis and Patent Ductus Arteriosus Before Operation. 


Mitral Modulus of | Respiratory | Inspiratory | Mean Inspirator 
Stenosis Elastance Compliance Elasticity Rate per Rate of Resistance 
emale cases, - Flow 
iwe range 
—50 years) | cm H,0/liter | liter/em H,0 cm H,0 minute m/sec. cm H,0/liter/sec.. 


ean 11.0 0.117 21.8 22 880 121 

inge 3.6-18.5 0.054—-0.282 7.7-40.8 15.5-31 440-1560 4.4-29.5 
ae 4.16 0.0436 6.51 21 190 3.59 

nt Ductus 

riosus 

male cases, 

ange 

0 years) 

ean 10.4 0.098 18.4 21 765 WS 

inge 8.9-14.2 0.070-0.112  12.7-27.2 16-29 535-895 9.3-21.3 
+ 3.08 0.0138 5.45 1.5 170 3.62 


mal (4 healthy 
acts) 
nge 3.7-5.5 0.180-0.270 7.6-11.2 21.5-28 1610-2140 1.9-5.2 
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Table II. Alteration of Visco-elastic Properties of the Lungs in Mitral Stenosis — 
and Patent Ductus Arteriosus Three Weeks after the Operation 4 
(in Relation to Preoperative Values). 


Mitral Stenosis Modulus of | Respiratory | Inspiratory |Mean Inspirat 


Elastance | Compliance 


(4 female cases, Elasticity Rate per Rate of Resistance 
age range minute Flow aa 
24-50 years) | cm H,0/liter | liter/em H,0 cm H,0 m/sec. cm H,0/liter/ 

Mean + 1.25 — 0.018 + 2.3 — 1.0 + 100 + 3.28 
Patent Ductus Arteriosus 
(7 female cases, 
age range . ' 
15-40 years) 
Mean + 4.6 — 0.025 + 7.0 Sie Ae) — 14 + 4.449 
postoperatively developed pulmonary embo- The values for the patients with coart 
lism, from which she later recovered. tion of the aorta and concretio cordis” 


In the patent ductus arteriosus group the shown in Table III. In the first mentioi 
preoperative values for elastance, modulus of case, especially the modulus of elasticity } 
elasticity and mean inspiratory resistance high, althoug it fell slightly postoperativ: 
were above normal and compliance below From Fig. 2 it is seen that the inspirat 
normal in all the eight cases (Table 1). This rate of flow was the same but the é 
group did not reveal as marked variations phageal/mouth differential pressure sof 
as the mitral stenosis group. what higher than preporatively, consequet 

Postoperatively most of these patients the mean inspiratory resistance also is sot 
gave values indicating increased “stiffness”, what greather than preoperatively. The 
contrary to the finding in the cases of mitral tient with concretio cordis, who preopera 
stenosis (Table IT). ely had severe dyspnea and pleural effus 


Table III. Physical Measurements of Some Visco-elastic Properties of the 
Lungs in Coarctation of the Aorta (U.P.) and Concretio Cordis (V.R.) Before 
and Three Weeks After the Operation. | 


Subject, Age Modulus of | Respiratory | Inspiratory | Mean Inspit 


Elastance Compliance 


and Sex Elasticity Rate per Rate of Resistance 
minute Flow 
em H,0/liter | liter/em H,0 cm H,0 m/sec. cm H,0/liter 


U:P., 20, M 
Before Operation 
After Operation 
V.R., 54, M 
Before Operation 
After Operation 


0.149 26.9 29.5 1310 7. 
0.116 23.2 25 1310 : 10. 
9 
5 


0.103 18.9 20.5 1550 
0.167 12.3 29 1965 
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\ddition to pulmonary stasis, had preoper- 
e values indicative of considerable “stiff- 
s’ of the lungs, but the values were 
atly normalized postoperatively. Fig. 3 
ws this patient’s flow curves and the eso- 
geal/mouth differential pressure curves, 
ich are rather exceptional. In the flow 
ve there is no plateau during either in- 
ation or expiration and the esophageal/ 
uth differential pressure undergoes an 
upt change, with the exception of the 
Idle of expiration, when there is practic- 
/no change. 


DISCUSSION 


n patients with mitral stenosis and patent 
tus arteriosus in the present series the 
» in the preoperative elastance of the 
gs, modulus of elasticity and mean in- 
‘atory resistance in comparison to normal 
aes conforms with previous observations 
own et al. 1954; Mack, Grassmann & 
tz 1947; Marshall & DuBois 1956). It 
ears probable that this increased “‘stiff- 
s” of the lungs in heart disease is related 
alevated pulmonary arterial and capillary 
ssures. In another study (Larmi & Ap- 


pat. UP pg.:COARCTATION OF THE AORTA 


BEFORE -OPERATION AFTER OPERATION 


— eet 
i SEC. 1SEC. 


2. Simultaneous recording of air flow and eso- 
yeal/mouth differential pressure im patient 
| coarctation of the aorta before and three weeks 


after reparation of aorta isthmus stenosis. 


pelqvist 1961) we were unable to find in- 
creased rigidity of the lungs in interatrial 
septal defect; however, an increase in pul- 
monary arterial or capillary pressures is 
generally not seen in these cases (Lagerloff 
& Werko 1949). In only one case of mitral 
stenosis in the present series was the pul- 
monary arterial pressure higher than would 
have been expected on the basis of the elas- 
tance. This patient, aged 50, also has emphy- 
sema, which either decrease elastance or 


increases compliance (Marshall & DuBois 
1956; McIlroy & Marshall 1956). 


In the case of coarctation of the aorta in 
this series and in case published by us in 
another connection (Larmi & Appelqvist 
1961) the elastance of the lungs was slightly 
above normal, whereas the modulus of elas- 
ticity was greatly increased. It seems probab- 
le that in coarctation of the aorta an increased 
bronchial arterial pressure may be respon- 
sible for the increased rigidity of the lungs. 
It is true that the bronchial arteries arise 
from the third intercostal arteries, which in 
the present case lie distal to the coarctation, 
but since the bronchial arteries receive 
branches also from the internal thoracic 
artery or directly from the arch of the aorta, 


po. CONCRETIO CORDIS 
AFTER OPERATION 


pat: V.R. 
BEFORE OPERATION 
bg sn 


bg ‘a | aii! SevAres.| 


16 
DIFFERENTIAL” ‘ 
ees 
(om ee 


Fig. 3. ee repels of air ese andi eso- 

phageal/mouth differential pressure in patient 

with concretio cordis before and three weeks after 
pericardectomy. 
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it is presumable that the increased pressure 
in these due to coarctation raises the pres- 
sure also in the bronchial arteries. 

In concretio cordis, in which both the pul- 
monary arterial and (PAP) the capillary 
pressures (PCP) are somewhat elevated 
(Eliasch, Lagerlof & Werko 1950), an in- 
creased blood volume (PBV) (Bing e¢ al. 
1951) may be an additional cause of rigidity. 
Thus in the present case the elastance, mod- 
ulus of elasticity, as well as the mean in- 
spiratory resistance decreased postoperative- 
ly, possibly due to decreases in PAP, PCP 
and PBV, which have been observed follow- 
ing successful operation for concretio cordis. 


In mitral stenosis the ‘‘stiffness” of the 
lungs is unchanged or decreased postopera- 
tively, provided complications do-not occur. 
as in one of the patients in the present series 
who developed pulmonary embolism. When 
studied at the corresponding time postoper- 
atively, for example, the vital capacity in 
mitral stenosis was about 30 per cent below 
the preoperative values (Larmi, 1959). Thus 
the surgical operation undoubtedly has 
caused a favorable change in the pressures in 
the pulmonary blood circulation and pul- 
monary arteries and capillaries, resulting in 
diminished rigidity. Accordingly, changes in 
the visco-elastic properties of the lungs re- 
sulting from the operation probably also 
indicate the result of the operation. Pleural 
suction, important in postoperative treat- 
ment, should evidently be greater in those 
cases in which the postoperative pulmonary 
arterial pressure is higher in order to ensure 
equally good distention of the lungs. 

It has been observed that in patients with 
mitral stenosis the respiratory work increases 
with increasing rigidity of the lungs, espe- 
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cially during exercise (Christie 1953). Thet 
fore, if the increased ‘‘stiffness” of the lun 
decreases postoperatively, diminished dys 
nea may also be expected as a result of ¢ 
creased respiratory work. : 


SUMMARY 


The elastance, compliance, modulus — 
elasticity and mean inspiratory resistance 
the lungs were measured by flow meter a 
esophageal catheterization technique in ~ 
cardiac patients before and in 13 patiet 
also after surgical operation. 

The “‘stiffness” of the lungs was increas 
preoperatively in seven of the nine patiet 
with mitral stenosis, in the eight patie 
with patent ductus arteriousus, and in 1 
one case of concretio cordis and one 
coarctation of the aorta. Especially in 1 
last mentioned case the modulus of elastic 
was increased. In the mitral stenosis gro 
the elasticity of the lungs was correlated 
the pulmonary arterial and capillary pr 
sures, 

Postoperatively the values were unchat 
ed or approached normal in three of the fc 
patients with mitral stenosis studied, and 
one patient the rigidity of the lungs © 
creased, possibly due to pulmonary infarcti 
after operation. In the patient with concreé 
cordis the “stiffness” of the lungs decreas 
postoperatively, in patent ductus arterio 
it decreased in two out of six patients | 
increased somewhat in the other four, 4 
in the case of coarctation of the aorta ° 
elastance and mean inspiratory resistance 
creased but the modulus of elasticity — 
creased. 
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SOURCES OF ERROR IN THE DETERMINATION 
OF METABOLIC RATS 


By J. GEORG AnpD 


From Medical Dept. B, Rigs 


Some experience with a waterless bellows 
spirometer for measurement of basal meta- 
bolic rate have led us to a consideration of 
the sources of error in the determination of 
the oxygen consumption by closed circuit 
spirometry. The results of these considera- 
tions, together with some experimental 
evidence, form the substance of the present 
paper. 

Stern & Strgm in 1957 published the re- 


sults of a series of measurements of meta- 


bolic rate carried out with different appa- 
ratus. They found that measurements of oxy- 
gen consumption from collection of expired 
air (Douglas bag method) or from the vol- 
ume changes of an ordinary closed system 
(Krogh spirometer) gave nearly identical 
values, the mean difference being —1.1 ml 
(standard deviation 15.4). With a bellows 
spirometer!, however, they found the oxygen 
consumption on the average 17.8 ml/minute 
below the values determined by the Douglas 
bag method (standard deviation 15.1), a 
difference significant at the 0.1 per cent level. 

Comparisons between determinations of 


1 Lundia Spirograf, model II (A.B. Instrumenta, 
Lund). 
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3, 1961. 
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hospitalet, Copenhagen, Denmark 


oxygen consumption made with an open 
cuit and with a water-sealed closed ci 
apparatus have been carried out sev 
times before, and no consistent differ 
between the two methods has been recor 
(Carpenter 1915; Krogh & Rasmus 
1922; Fowler, Blackburn & Helmholz 195 
An explanation for the significantly loy 
values recorded with a bellows spirome 
was not offered by Stern and Strgm. 


) 
) 
i 
: 


Similar findings were incidentally reco 
ed by Sgttrup (1960) during a follow 
examination of patients convalescing ft 
poliomyelitis. He estimated the metab 
rate of 52 patients with a Krogh-spirome 
but at a second follow-up, two years la 
he used a waterless bellows spirometer. “ 
average metabolic rate was about 10 per ¢ 
lower at the second follow-up examinati 

We have made a similar comparison 
10 subjects, all inpatients from a medical 
partment, and selected for the purpose 
account of their regular breathing produc 
spirograms which were specially suitable 
the measurement of oxygen consumpt 
The two types of apparatus were used 
random succession. The average oxy 
consumption measured with the Krogh sp 
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sr was 237.2 ml/minute, with the bellows 


ometer 214.4 ml/minute, 7. e. a difference | 


.6 per cent in the oxygen consumption. 


RESULTS 
rces of error. 


Jhen the oxygen consumption is meas- 
| in a closed system the volume change 
he system is recorded during a certain 
. If the carbon dioxide produced by the 
ect is simultaneously absorbed, the vol- 
change represents the oxygen consump- 
, provided no other factors affect the vol- 
at the same time. Thus there are several 


ble I. Sources of error in the deter- 
mination of basal metabolic rate by a 
closed circuit technique. 


age into or from the system: 
Mouthpiece and valves 

Nose clip 

Perforated eardrum 

Insufficient water in the spirometer 
Leaking oxygen supply 


‘s of calibration: 


Inaccurate volume scale 
Faulty kymograph speed 


ficient carbon dioxide absorption 


ges in temperature during the test: 

Heating of inspired air 

Heat production of soda lime 
Unfortunate placing of the apparatus (in sun- 
shine, near radiator) 


ges in respiratory level of the subject: 
[rregular respiration 

Air-swallowing 

Changes in position of subject a 
Changing pressure in the spirometer circuit 


gen elimination from the body during oxygen 
thing 


us uptake of oxygen in subjects with low oxygen 
ration 


ges in water vapor tension in the circuit 


sources of error inherent in the method. They 
are listed in Table I. Leakage of the system 
is in general easily detected. The perforated 
eardrum is a rare source of error but has 
been noted among others by Switzer & 
Gates (1950). The calibration of the appa- 
ratus can be checked with little difficulty, and 
inefficient soda lime will manifest itself 
through hyperventilation of the subject. 


Temperature changes. 


Changes in temperature give rise to more 


serious errors, and for several reasons they 


are liable to influence the bellows spirometer 
more than the water-sealed spirometer. The 
first is a portable machine, which is usually 
carried to the patient, and thus more exposed 
to changing room temperatures. The water- 
sealed spirometer is preferably used as a 
stationary machine, being difficult to trans- 
port, and thus generally operated at a fairly 
constant room temperature. 

Even with a quite constant room tempe- 
rature there is still a tendency for the tempe- 
rature of the apparatus to rise during the 
test. This is due to two factors: First, the 
heating of the inspired air, second, the heat 
generation in the soda lime during the neu- 
tralisation of carbon dioxide. Soda lime is a 
mixture of sodium and calcium hydroxyde. 
The neutralisation heat for these two bases 
is nearly the same, amounting to 10 kCal 
per gram-equivalent (Landolt-Bornstein 
1923). The carbon dioxide elimination dur- 
ing an average test will thus produce 0.15— 
0.20 kCal per minute. The heat conveyed by 
the subject through the expired air matters 
less. The heat capacity of the air (20°C, 
760 mm) is 0.24 cal/g, and assuming a 10 
degree heating of the inspired air and a ven- 
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tilation of 5 litres per minute, this amounts 
to 0.015 kCal per minute or about 10 per 
cent of the total amount of calories added to 
the system. 

In the water-sealed spirometer the con- 
ditions for heat dissipation are usually fairly 
good, the spirometer bell being of metal in 
direct contact with the surrounding air. The 
bellows of the dry,spirometer do not convey 
the heat as easily; and besides they are often 
enclosed in a box. 

With the bellows spirometer used in the 
present series of experiments we have re- 
corded a consistent rise in temperature of 
0.5 to 1° C (the temperature was measured 
by thermocouples placed in the circuit of the 
machine). The Krogh-spirometer under 
similar conditions showed no rise in tempe- 
rature. 

The changes in temperature are often 
greater during the actual tests in the wards. 
Measurements were made on the thermo- 
meter supplied with the bellows spirometer, 
and the following results were obtained in 
100 different tests: Unchanged temperature: 
24, one degree rise: 55, two degrees rise: 20, 
three degrees rise: 1. (AIl experiments 
where the initial temperature of the appa- 
ratus was below 18° C have been omitted.) 

Heating of a certain volume of air under 
constant pressure leads to an expansion of 
1/273 volume per degree C. The volume of the 
bellows spirometer used in these experiments 
is approximately 11 litres, and a rise of tem- 
perature of 1° C will correspond to an in- 
crease in volume of 40 ml, 7. e. about 2 per 
cent of the oxygen consumption during a 
10 minute test. This means that the oxygen 
consumption read from the kymograph re- 
cord will be about 2 per cent too low. 
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| 
Changes in water vapor tension. 
The water vapor tension in a closed 
cuit will vary according to the type of sp 
meter. In an ordinary water-sealed -sp 
meter the air will have an approxima 
constant water content, corresponding 
about 80 per cent saturation when soda I 
is included in the circuit (Wilson 19% 
The bellows spirometer, on the other ; 


q 

Table II. The relative humidity of the 

in the metabolic apparatus before ant 
after the test. 


Percentage water vapor saturation i 
: ! 


Bellows spiromet r 
before aft 1 


Krogh spirometer 


before after 
80 76 34 52 3 
88 87 32 sim 
82 80 38 68 q 


starts with rather dry air and ends up ¥ 
nearly saturated air. Table II shows” 
degree of saturation with water vapo 
fore and after determination of basal m 
bolic rate with the two types of appara 
concerned. The measurements were done 
leading the air through magnesium perel 
rate, the amount of water absorbed be 
determined by weighing. 
At a temperature of 22° C the tension 
saturated water vapor amounts to- 20 1 
Hg, i. e. a water content of 20/760 or 2.6 
cent water vapor. A change in a spirom 
from completely dry to completely satur 
air will thus lead to an increase in vol 
of 2.6 per cent, or with a spirometer vol 
of 10 litres 260 ml, corresponding to f 
than 10 per cent of the oxygen consump 
during a 10 minute run. The change 
water vapor saturation recorded in Tab 
(from about 35 per cent to about 70 per 
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iration) thus equal a volume change of 
ut 90 ml, and the oxygen consumption is 
respondingly recorded about 4 per cent 
low. 


ges in the resting respiratory level. 


\ correct determination of oxygen con- 
aption from the spirometer curve is only 
sible when the respiratory level of the 
ject is kept fairly constant during the 
. This is normally the case because the 
ratory position during quiet respiration 
resents a state of equilibrium, where the 
stic forces of the lungs (tending towards 
urther collapse) are equalled by the ela- 
forces of the thorax (tending towards a 
ther expansion). Any change in the press- 
-in the airways will change this equili- 
um. The relation between volume and 
ssure change is expressed as the com- 
ince, which for thorax and lungs together 
/a magnitude of about 100 ml per cm of 
fer pressure. — 

\n ordinary water-sealed spirometer has 
alanced bell, causing the inside pressure 
iny position to be nearly atmospheric. The 
lows spirometer has a preferred resting 
itron, and any change in volume will lead 
a change in inside pressure. The relation 
pressure to volume for two bellows spiro- 
fers used in the present investigation is 
icted in Fig. 2. It will be seen that the 
ssure amounts to 8 mm of water with the 
lows expanded. During a determination 
metabolic rate, the volume decreases by 
uit 2—3 litres, and the pressure will fall 
roximately 5 mm of water. Assuming 
t the compliance for lung + thorax is 
) ml per cm, this means that the respira- 
y level at the start of the experiment will 
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mm H,0 
Fig. 1. Pressure — volume diagram of two bellows 
spirometers. Ordinate: Reading of spirometer scale. 
Abscissa: Pressure at the mouthpiece of the 
spirometer. 


be shifted about 75 ml towards inspiration, 
but during the test about 50 ml will grad- 
ually be returned to the apparatus, and the 
slope of the spirogram will be corresponding- 
ly flattened. This means that the oxygen 
consumption will be estimated about 2 per 
cent too low. This source of error, inherent 
in the bellows type of metabolic apparatus, 
was first pointed out by Fleisch (1954), whe 
was able to demonstrate the changes in res- 
piratory level directly, using a body plethys- 
mograph. 


Elimination of nitrogen from the body. 

The bodys store of nitrogen at the ord- 
inary alveolar tension of about 565 mm is 
approximately 1 liter (Farhi & Rahn 1954 
—55). During respiration in oxygen, the 
nitrogen is gradually eliminated from the 
body, at the beginning rather quickly, after- 


wards more slowly. The elimination curve 
represents a composite exponential function, 
the fastest process being the elimination from 
the lungs, then follows elimination from the 
blood, viscera, muscle tissue, fat, and even- 
tually gas from the intestines (Jones, 1951). 

The nitrogen elimination from the lungs 
is of no interest in the present study, as it 
does not alter the total volume of the system 
of spirometer plus lungs. The elimination 
from the body was estimated by Lundin 
(1953—54) at about 50 ml during the first 
minute, falling to about 15 ml during the 
tenth minute; the total amount eliminated 
during the first ten minutes being approx- 
imately 250 ml. Cournand, Yarmush & 
Riley (1941) got very similar results, the 
average being 220 ml for the first seven 
minutes of respiration in oxygen. 


The experimental conditions are different 
during the determinations of oxygen com- 
sumption by closed circuit spirometry. Ass- 
uming a functional residual capacity of the 
subject of 3 litres, corresponding to 2.5 
litres of nitrogen, and a spirometer volume 
of about 10 litres, the initial nitrogen con- 
centration of the system will be about 20 per 
cent (provided the spirometer is filled with 
pure oxygen). During the test the nitrogen 
concentration will rise as oxygen is con- 
sumed, and may be expected to reach about 
25 per cent at the end of a ten minute run. 
Correspondingly, the nitrogen elimination 
may be expected to be only about 70—75 
per cent of the values cited above for respira- 
tion in pure oxygen, 7. e. about 180 ml for 
the first ten minutes. This in turn leads to 
an estimation of metabolic rate 5—10 per 
cent too low. In actual practice the error will 
usually be much less, as the spirometer does 
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not contain pure oxygen, but a mixture” 
oxygen and atmospheric air. The error 
identical in principle for the two types 
metabolic measuring apparatus and th 
cannot explain the systematically low 
readings of the bellows spirometer. ' 

If the apparatus is washed out with z 
mospheric air before the test and has on 
2—3 litres of oxyfen added, approximate 
the amount consumed during the test, # 
error will be very small. 

The increased oxygen concentration of f 
air in the spirometer may lead to a small 
crease in oxygen uptake, especially if 1 
arterial oxygen saturation is reduced. ¥ 
oxygen uptake will usually be complet 
during the preliminary test period of a & 
minutes, before the actual measurement E 
gins. The increase in oxygen content of 
body during the test is very small, as t 
venous oxygen tension is not very 
affected by a small increase in arterial ox 
gen saturation. Any errors from this sou 
will be more or less counteracted by t 
error in the opposite direction caused by t 
elimination of nitrogen, so for practical pt 
poses this source of error may be considet 
negligible. 


CONCLUSION 


There are several sources of error in 1 
determination of oxygen consumption if 
closed system. Three of them seem espe 
ally liable to affect the readings of a wat 
less bellows spirometer, viz. rise in tempé 
ture, increase in water vapor tension, 2 
variations in the respiratory level during 1 
test, due to the slight pressure chang 
which accompany the altered position of © 
bellows. 


DETERMINATION OF METABOLIC RATE 


ith the type of apparatus used in these 
‘iments, the three errors mentioned are 
yximately 2, 4 and 2 per cent of an ave- 
metabolic rate, all of them tending to 
results which are too low. Added 
her, they may be expected to produce 
ates about 8 per cent too low, a figure 
near the one observed during actual 
arisons between this and an ordinary 
r-sealed spirometer. 
ie errors are not difficult to reduce or 
nate. The increase in temperature may 
-actically abolished by means of a suit- 
placed ventilator, which keeps the soda 
canister at room temperature. The in- 
ein water-vapor tension may be counte- 
d by filling the spirometer with moi- 
d air instead of the ordinary dry air 
the oxygen cylinder. The pressure 
yes may be eliminated by suspending the 
ws with a counterpoise, keeping them in 
ant equilibrium. (Fleisch 1954.) 
spirometer with these modifications 
at our disposal by A. B. Instrumenta, 
1) has given readings which are iden- 
with the values obtained on a Krogh 
meter. With 10 subjects the average 
en consumption was found to be 225.5 
jeasured with the Krogh spirometer, 
}ml measured with the modified water- 
yellows spirometer. 


SUMMARY 


€ principal sources of error in the deter- 
Hion of the oxygen consumption in a 
1 system are discussed, with special 
ince to errors which may affect the 
ngs of different types of apparatus. It 
ywn that a waterless bellows spirometer 
to give lower readings than the water- 
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sealed spirometer. Modifications for the eli- 
mination of these errors are proposed. 
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Attention has frequently been drawn to 
the importance of bronchospirometric ex- 
aminations for full elucidation of the function 
of each lung and, not least, for investigation 
of the pulmonary function prior to operations 
on the lungs. Results of residual volume 
determinations for each lung separately, both 
in normals and in turberculotics, have been 
reported from this hospital, and stress has 
been laid on the importance of such examina- 
tions in providing a comprehensive idea of 
the function of each lung, preoperatively and 
postoperatively (Orinius & Stahle 1958). 
In this investigation the functional residual 
capacity (FRC) was determined by the 
hehum dilution method. 

Even in normal the ventilation of different 
parts in uneven to a varying extent. This has 
been established by studying the nitrogen 
elimination during inspiration of pure oxy- 
gen, using a rapid-response nitrogen analyzer 
(Fowler 1949, 1952). The borderline be- 
tween this normally uneven alveolar ventila- 


1 The investigation was supported by a grant 
from Ostergotlands lans landsting. 


ETHOD IN DETERMINATIO} 


tion and a pathologically uneven aly 
ventilation (PUV) is diffuse. Nor is it 
sible, as a rule, to record a normally un 
ventilation by following the fall in he 
concentration at determination of FR 
the helium dilution method, the catharom 
response being too slow. It would seem, h 
ever, that a pathologically uneven ventila 
(PUV) can usually by recorded by folloy 
this fall in concentration. Several diffe 
modes of treating the data obtained by 
helium dilution method have been repo: 
with. respect to studies of uneven alve 
ventilation. 


If such a method of data analysis is t 
theoretically satisfactory, it should includ 
independent variables all factors that it 
ence the time required for indicator 
equilibrium between spirograph and lung 
a closed-circuit system (as in remova 
nitrogen from the lungs by an open-cil 
system technique). This equilibrium tin 
a function of respiration rate, tidal volt 
dead space, FRC and, in a.closed-ci 
system, of the spirograph volume as ° 
These desiderata are satisfied only by 
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hod of Bates & Christie (1950), wherein 
calculated number of respirations is 
ted to the observed number of respira- 
s for 90 per cent equilibrium. Their 
hod, however, has been considered too 
rious for routine use. 
rinius & Stahle (1959) recently present- 
_new method for data treatment of values 
ined at routine determination of FRC 
he helium dilution method in conjunction 
1 spiromentry — a method which takes 
- account the above requirements. The 
y of helium dilution in per cent of the 
ulated dilution time is the criterion 
ch, with this method, is determined as a 
sure of uneven alveolar ventilation. This 
x (helium dilution delay or HDD) is 
puted with the aid of a nomogram which 
es it possible to establish rapidly whether 
1ot clinically significant PUV is present. 
mals as well as a number of emphysema 
s have been investigated and the results 
ented, showing the reliability of this 
hod for data treatment. 


here are numerous possible causes of 
V. One of the commonest is impaired 
r elasticity, as for instance in emphysema. 
ther is regional bronchial obstructions, 
1 asthma, pulmonary cysts, and peri- and 
abronchial lesions. Tumors, pulmonary 
ysis, and alveolar or interstitial fluid may 
onally alter the expansibility of the lung 
thus give rise to pathologically uneven 
olar ventilation. Yet another cause is an 
aired or impeded expansion of one or 
| lungs, as in unilateral immobility of the 
hragm and/or the thoracic wall either 
wing pleurisy or lung surgery, or in 
‘nic nerve lesions (Comroe, Forster, Du- 
, Briscoe & Carlsen 1955). These diverse 


factors that may give rise to PUV seldom 
occur singly; two or more are usually con- 
comitant. 

In some cases it may be suspected clini- 
cally that unilateral PUV is present, as for 
example in shrinking processes of one lung 
with distension and impaired elasticity of 
underlying parenchyma, in unilateral pleural 
thickening following pleurisy or artificial 
pneumothorax, or in unilateral phrenic nerve 
lesions. At PUV determination in these 
cases, two possibilities are conceivable. This 
apparently unilateral PUV may be of such 
small extent in the diseased lung, or the 
latter’s proportion of the total ventilation so 
slight, that spirometric determination of 
PUV will yield a normal value because the 
function of the normal lung predominates 
and masks the pathologically uneven alveolar 
ventilation of the other lung. The second 
possibility is that one lung has such pro- 
nounced PUV (in which case its relative 
FRC is fairly normal) that it prevails over 
the normal ventilation of the sound lung, the 
spirometric determination then showing a 
pathologic result. In this case the behavior 
may simulate bilateral PUV. 


Apparently no attempts have yet been 
made to determine with a helium dilution 
method the degree of uneven alveolar ven- 
tilation in each lung separately at broncho- 
spirometry. The aim of the present invest- 
igation is to ascertain if this method for data 
treatment (Orinius & Stahle 1959) of values 
obtained during the course of helium dilution 
in spirometric FRC determination can also 
be used in bilateral bronchospirometric de- 
terminations of FRC for studying the occur- 
rence of normally or pathologically uneven 
alveolar ventilation in each lung separately. 
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METHOD 


Apparatus and Procedure. 

The bronchospirometer was a double spirograph 
of Knipping type (Almara), modified to a volume, 
excluding the bellows, of 4.00 liters. The fan was 
adjusted to a capacity of about 50 liters per minute, 
and over it the catharometer was shunted. The 
circuit was so arranged as to include passage of 
the gas through a water bottle filled with glass 
beads for its saturation; and upon leaving the 
catharometer, the gas passed through a flow meter 
for ensuring a constant flow in the catharometer 
circuit. The temperature was continuously checked 
in both the spirograph and the catharometer circuit. 

Spirometry was performed in the usual way in 
the supine position. Basal conditions were sought. 

Bronchospirometry was carried out as follows. 
Premedication consisted of injection of 10 cg Phe- 
nemal and 1 mg atropine three quarters of an hour 
before the examination was begun. The anesthesia 
was administered in drops in all cases, 4 ml one 
per cent Novesin for the trachea. A Carlens tube 
was then introduced, size 37 for women and 39 or 
41 for men. The subjects were supine and the 
examination began not earlier than about five 
minutes after the intubation. Basal conditions were 
sought. 


Functional residual capacity (FRC) was deter- 
mined by the helium dilution method as described 
by Holmgen (1954), with a few modifications. 
A small carbon dioxide filter, according to Bates 
& Christie (1950) was placed before the catharo- 
meter, and oxygen was added to the helium-air 
mixture ad modum Briscoe (1952). 

The helium gas mixture was prepared by adding 
to the spirograph, flushed with air, four parts of 
helium and one part of oxygen to a helium con- 
centration of about 13 per cent. The spirograph, 
including the bellows, then contained 5.2 liters. 
During subsequent rebreathing, an amount of oxy- 
gen equivalent to that consumed was supplied to 


the system, so that the respiratory curve had a ~ 


horizontal course and the volume of the system 
was constant. 

The apparatus was so arranged that the gas 
mixture was at room temperature when it reached 
the catharometer. 


I. STAHLE 
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The examination opened with determinatio 
FRC, one lung being connected to the spirogra 
bell containing helium-air mixture and the off 
lung to another bell containing oxygen. The reas 
for taking a concurrent spirogram of the other It 
was to see that the resting expiratory level ¢ 
not change as from the time when one lung 4 
connected to the helium-air mixture and the otf 
to the oxygen spirograph. 

When the helium concentration had remaif 
constant for about two minutes in the examinafi 
of the first lung, the “helium” lung was immediatt 
connected to the oxygen spirograph. An interval 
about three minutes was allowed before the “‘o: 
gen’' lung was connected to the helium spirogra 

During rebreathing, each helium fall of 0.2) 
cent was recorded on the spirograph paper m 
ually with the aid of an electro-magnetic device. 

Following the determination of FRC, the heli 
spirograph was flushed several times with oxyg 
then filled with oxygen. Both lungs were then ¢ 
nected to the system, after which the ventilai 
and the oxygen uptake were measured for & 
lungs simultaneously over a four-minute period. 

All volumes are given at ambient pressure | 
saturated with water vapor. FRC is corrected 
the volume of the mouthpiece and for possi 
errors relative to resting expiratory level wl 
connecting the patient to the spirograph (alw 
less than 100 cc). No adjustment has been mi 
on the other hand, for the effect of oxygen on 
helium-air mixture or for the absorption of hel 
in blood and tissue. 

For further details of apparatus and procedt 
the reader is referred to Orinius & Stahle (18 
1959). | 


Method. 


It was found that the optimal range of accur 
for the dilution time corresponded to 60—80 
cent of completed dilution with this apparatus; 
in this range 63 per cent was taken as a compe 
tive level, since it was mathematically. advantage 
to some degree. : | 

The time required for 63 per cent dilution © 
adjusted for the initial delay but not for the « 
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is lag. Adjustment for the former is done by 
polation to 


He, — He co 


= ee fe 
Hey — He co @ 


eoretically this extrapolation, if it is to be 
linearly must be undertaken in a logarithmic/ 
- system, though it can be done, with very 
little error, within the line of markings on the 
rram. 

ie time required for the value to reach 63 per 
lilution of the indicator gas (helium) between 
yraph and lung may be approximated. 


60 (In 


{0.63 calc. = 


> Va is the alveolar ventilation in liters per 
e, and Vij—FRC and S the spirograph vol- 
all in liters. These calculations cam be further 
ified by devising a nomogram (Fig. 1). 
ve average respiration rate and tidal volume 
determined from the spirogram for the re- 
t dilution time, 1.¢. the observed time for 
brium minus 9 seconds (equation III below) 
ounded off to the nearest multiple of 5 seconds. 
mputing the alveolar ventilation a dead space 
allowed which, from the bifurcation, was as- 
1 to be 40'cc for each lung in males and 35 cc 
nales. Even if the dead space varied by 10 cc 
or minus those volumes, it would seldom in- 
a change of ao than one second in the 
ated equilibrium time. 
The observed dilution times, corrected for the 
| delay in the spirograph-catharometer-galva- 
ter system, were plotted against the times 
uted on the basis of equation (II) above. For 
r details see Orinius & Stahle (1959). 


RESULTS 
nal series. 
ven males aged from 22 to 27 (mean 
25) and eight females aged from 18 to 
mean age 23) were examined. One of 
_ had previously had uncomplicated 


bronchial pneumonia ; none of the others had 


_ suffered from lung disease. Chest roentgeno- 


grams had been taken in all but two of them 
during the few months preceding the exami- 
nation. The roentgenograms were negative 
in all subjects, none of whom showed clinical 
signs of respiratory tract disease. Data on 
the pulmonary function will be found in 
Table I. 

There was a close correlation, in these 
normals, between the observed and the cal- 
culated dilution times, see Fig. 1. Both male 


and female subjects and the values for right 


and left lung showed a uniform distribution 
relative to the regression line. The regression 
line was found to be as follows. 


teens == 103 D6 tee 2 CD) 
as against 
tp éavoba == LOD topecate. a Oo ee) 


the latter equation having been obtained in 
a spirometrically normal series (58 subjects) 
with the same technique and apparatus (Ori- 
nius e¢ al. 1959). 

The variation about the regression line 
was 1.8 seconds. If, as an upper limit for 
normal values, we take the mean-+ 2.5 
standard deviation, the equation for that 
upper limit will be 
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Discussion. 


There is, accordingly, a close correlation 
between the observed and the calculated 
helium dilution times both in spirometric 
and in bronchospirometric determination of 
FRC by the helium dilution method. The 
standard deviation is, however, somewhat 
greater in bronchospirometric (1.8 seconds) 
than in spirometric (1.0 second) determina- 
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|. Upper half. to.63 ops. in seconds, plotted 
t to.63 calc. in seconds for normal men ( © ) 
omen (m ). The regression line of the nor- 
ubjects (M) and its upper (M+2.5) and 
(M —2.5) limits are marked. The lines 20 to 
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200 represent per cent of helium dilution delay 
(HDD) relatively calculated dilution time. 

Lower half: nomogram for calculation of to.63 calc., 
based on a volume of the spirograph of 5.2 liters. 
VL=FRC. Va =alveolar ventilation in liters per 


minute. 
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tion. Two factors at least contribute to this 
circumstance. 

(1) Constant methodologic errors which, 
by virtue of smaller lung volume subdivisions 
in bronchospirometry, have a greater in- 
fluence on the final result ; and 

(2) The error introduced by approxima- 
tion is somewhat increased, as shown by the 
expression for this error as a correction fac- 
tor for the calculated dilution time 


(VI) 


where S is the spirograph volume — iden- 
tical in spirometry and bronchospirometry 
while V, (the alveolar ventilation per respi- 
ration) and V;, (FRC) are volumes which, 
though substantially smaller in bronchospi- 
rometry than in spirometry, show more or 
less similar ratios. 


Pathologic Series. 


From an extensive clinical series of pul- 
monary cases, investigated both spirometric- 
ally and bronchospirometrically with respect 
to helium dilution delay (HDD), the follow- 
ing seven with involvement chiefly of one 
lung were selected with a view to illustrating 
various possible results of HDD determina- 


tion. Data on the pulmonary function are set 
forth in Table IT. 


Case Reports. 


1. B 3188. Male, aged 22. In 1954 the patient had 
tuberculosis with widespread parenchymal lesions 
of the right Iyng. Right artificial pneumothorax 
was maintained from 1954 to 1957. Right progres- 
sion occurred in 1957 and again in 1958. Roentgeno- 
grams showed cavitation of right upper lobe and 
right pleural thickening following artificial pneu- 
mothorax. Left lung N.A.D. 


At spirometry, HDD was normal: at brom 
spirometry it was normal for left but pathok 
(30 per cent) for right lung. FRC for right I 
was 44 per cent of the total. 

2. B 36 19. Male, aged 55. He has had asthm 
bronchitis since 1954; bronchoscopy and brome 
graphy in autumn of 1959 revealed stenosis of fF 
lower lobe bronchus and ectatic bronchi 1 
lower lobe, where there was chronic pneumo 
Left lung N.A.D. ; 

At spirometry, HDD was normal; at brom 
spirometry it was normal for left but pathok 
(10 per cent) for right lung. FRC for the # 
lung was 43 per cent of the total. 


3. B 3523. Female, aged 29. In 1953 sI 
very slight parenchymal lesions posteriorly ip 
right upper lobe. Right artificial pneumothe 
was maintained from. 1953 to 1958, followed 
severe pleural thickening. Left lung N.A.D. 

At spirometry HDD was normal; at brom 
spirometry it was normal for left but pathok 
(40 per cent) for right lungt. FRC for right 
was 31 per cent of the total. 

4. B 3256. Male, aged 30. In January 7 
widespread cavernous tuberculosis of left lung 
detected, and total destruction of lung ensued. ( 
very slight parenchymal lesions were observet 
the right lung field. 

At spirometry, HDD was normal; at brom 
spirometry it was pathologic (80 per cent) for 
but normal for right lung. FRC for left 7 


19 per cent of total. 


5. B 3159. Male, aged 49. Chronic nonspé 
pneumonia with bronchectasies im right lower 
leading in January 1956 to excision of that 
Phrenic nerve was probably traumatized at 
operation, the sequel being a high and pract 
immobile diaphragm on the right side. The 
lung field was free. 

At spirometry in December 1958, HDD 
pathologic (50 per cent); at bronchospitomen' 
was normal for left and pathologic (150 per 
for right lung. FRC for right lung was 42 per 
of normal. 

6. B 3379. Male, aged 34. Patient had left p 
isy in 1942, followed by moderate pleural thick 
In 1946 there were bilateral upper lobe le 
mainly on the left side. In the ensuing years § 
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factory regression; but in 1959 progression and 
cavitation were observed in the left lung. 

At spirometry, HDD was pathologic (50 per 
cent), at bronchospirometry it was pathologic (70 
per cent) for left but normal for right lung. FRC 
for left lung was 43 per cent of normal. 

7. B 3510. Male, aged 37. Bilateral pulmonary 
tuberculosis since 1951: right artificial pneumo- 
thrax from 1951 to 1955, left from 1953 to 1955. 
This treatment was followed by extensive bilateral 
pleural thickening. During the next few years 
cavernous tuberculosis developed in both upper 
lobes. Right thoracoplasty was done in July 1959. 

Spirometry in November 1959 showed pathologic 
HDD (90 per cent) ; at bronchospirometry in same 
month, HDD was pathologic for both left (80 per 
cent) and right (140 per cent) lungs. FRC was 
52 per cent for left and 48 per cent for right lung. 


DISCUSSION 

It was pointed out earlier that patients 
with pulmonary lesions solely or chiefly in- 
volving one lung may be expected to show 
pathologically alveolar ventilation 
only in that lung. It was also emphasized 
that spirometry in such cases might well 
yield both normal and clearly pathologic 
values for the degree of uneven alveolar 
ventilation. 

The first of the cases presented above had 
pronounced unilateral pulmonary tuberculo- 
sis with pleural thickening following artificial 
pneumothorax, but fairly normal relative 
FRC values for the two lungs. Case 2 had 
a stenosis of the right lower lober bronchus, 
with destruction of this lobe as well as ectatic 
areas there. Here too, the relative FRC was 
fairly normal for the diseased lung. These 
two cases illustrate the first of the afore- 
- mentioned two possibilities; a normal result 
of spirometric determination of uneven alve- 
olar ventilation despite unilateral PUV. In 
each of these cases the PUV of the diseased 


uneven 


lung was so slight that, in spite of the 
latively normal. FRC percentage for 

lung, the spirometric value for the un 
alveolar ventilation was within the nor, 


range. 

The patient in case 3 had a pronoun 
unilateral pleural thickening following A 
ficial pneumothorax, with minimal pa -e 
chymal lesions and a greatly reduced FR 
figure for the affected lung. In case 4 th 
was a pulmonary process involving one lut 
which had undergone a total destruction 2 
showed a greatly reduced proportion of 1 
total’ FRC. These two cases illustrate | 
second of the two possibilities ; namely, th 
spirometry may show a normal value for t 
uneven alveolar ventilation despite mark 
PUV in one lung if the latter’s proporti 
of the total FRC is low. __ 


Case 5 had right phrenic nerve lesio 
following excision of the right lower lob 
The PUV was pronounced on that side; ft 
FRC value in relation to the sound lung ¥ 
fairly normal. In case 6 there were som 
what extensive lesions of the upper lobe ai 
pleural thickening following pleurisy on ft 
diseased side; the bronchospirometric PU 
was fairly marked and the relative FRC m 
or less normal for that lung. These 
illustrate the possibility that one lung 1 
have a normally uneven alveolar ventilati 
which is completely masked spirometrice 
partly because the diseased lung has PU 
of high degree and partly because, at t 
same time, its proportion of the total FRC 
practically normal. 

The patient in case 7 had severe lesi¢ 
of both upper lobes with cavitation 4 
shrinkage, as well as bilateral pleural thic 
ening following artificial _pneumothoré 
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PS 


spirometric and  bronchospirometric 
nations yielded, as was to be expected, 
' values showing pronounced PUV 
netrically as well as in each lung 
ttely.. 


SUMMARY 


e helium dilution and its delay were 
d for each lung separately in conjunc- 
vith determination of functional residual 
ity in normals and tuberculotics, using 
um dilution method and bronchospiro- 
. A nomogram for calculating uneven 
ar ventilation (helium dilution delay 
ID) in each lung separately is present- 
; are the values recorded in a series of 
rmal subjects. 
= results of such HDD determinations, 
netrically and bronchospirometrically, 
sscribed in seven cases with largely uni- 
| parenchymal lesions, bronchostenosis, 
il thickening and phrenic nerve injury. 
$s pointed out that a normal HDD value 
netrically is not tantamount to a nor- 
uneven alveolar ventilation in both 
; pathologically uneven alveolar ven- 
n may well be present in the diseased 
but either concealed by that lung’s 
y reduced relative FRC, or itself of 
extent and attended by a normal or 
vhat lowered relative FRC. 
ularly, a pathologic HDD at spiro- 
is not necessarily tantamount to bi- 
| pethologically uneven alveolar ven- 
n. On the contrary the normally uneven 


alveolar ventilation in the sound lung may 


be masked by a highly pathologic uneven 


alveolar ventilation in the diseased lung, 
whose relative FRC may then on normal or 
slightly reduced. 
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SAMPLING AND STORING OF BLOOD 
FOR DETERMINATION OF ACID-BASE STATUS#@@ 
By O. SIGGAARD: ANDERSEN 


Department of Clinical Chemistry, Rigshospitalet, Copenhagen, Denmark. 


(Bacenved for publication September 13, 1960) 


The purpose of the present paper is to 
discuss the possible errors occurring during 
sampling and storing of blood for deter- 
mination of pH, pCOs, and base excess (BE). 
The most likely errors during sampling are 
loss of CO, by exposure to atmospheric air, 
dilution in connexion with the addition of 
anticoagulant and effects of the anticoagulant 
itself. To these errors may he added the error 
involved in the addition of sodium fluoride 
when this is used as antiglycolytic agent. 
During storing the metabolism of the blood 
will change the acid-base values. The effect 
of chilling and of sodium fluoride in pre- 
vention of this change will be discussed. 


METHODS 


” 


A “thermostated” capillary glass electrode was 
used for pH measurements. pCOz and base excess 
(meq/I blood) were calculated from the actual pH 
value and from the pH value of the blood equili- 
brated with a known COo-tension (Siggaard Ander- 
sen, Engel, Jgrgensen & Astrup, 1960 and Siggaard 
Andersen & Engel, 1960). 

Hemoglobin concentrations 


were determined 


1 This work was supported by grants from ‘‘The 
Danish Foundation for the Advancement of Medi- 
cal Science’ and ‘‘The Damish State Research 
Foundation”. 
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spectrophotometrically as oxy-hemogilobin. Si 
and potassium were determined by means 
direct reading flame-photometer (Beckman). 
cose was determined by reduction titration ¢ 
ding to Hagedorn and Norman-Jensen. 

The blood was kept in two syringes com 
by a small rubber tube so that the blood cel 
be resuspended after storing of the blood by 
ing the blood from one syringe to the other. 


Reagents: 
Powdered heparin (LEO) was used fo 
preparation of solutions with different conicé 
tions of heparin. 
Sodium fluoride (A.R.) and sodium 
(A. R.) was obtained from Merck. 


RESUELS 
A) Loss-of ‘COs 


By the previously described methoe 
sampling of capillary blood for determin 
of the acid-base status (Siggaard Ané 
et al. 1960), the blood is exposed for a 
time to atmosperic air. The effect of 
was investigated by emptying drops of 
of the same size (approximately 50 ul) 
a syringe on to siliconated glass slides 1 
the blood drops formed hemispheres. 
two minutes the pH of the blood was 3 
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both by sucking up directly into the 
ode from the central part of the drop 
y letting the blood nearly quantitatively 
ato a capillary tube where it could be 
| before measurement of the pH. By 
rst method a mean pH rise of 0.005 
ound. By the second method a mean 
ise of 0.010 was found. 


ilution effect. 


e effect of 12—13 per cent dilution of 
and plasma with physiological saline 
investigated. The following mean 
es were found in 4 experiments with 
a: pH rise 0.003, pCO, fall 14 per 
actual bicarbonate fall 13 per cent, base 
s fall 3.5 meq/l. The mean changes in 
periments with whole blood were: pH 
).006, pCO, fall 16 per cent, plasma 
yonate fall 15 per cent, base excess fall 
eq/I. ! 

1en the blood is sampled in a syringe 
the dead space filled with a heparin 
on a certain dilution of the blood is 
able. In a series of ten 10 ml syringes 
en 20 ml syringes (Summit, Everett) 
ead space in percentage of the maximal 
1e of the syringes were found to be 
24 per cent and 2.0—3.0 per cent 
tively. 


Teparin effect. 

e effect of heparin on the acid-base 
; was investigated by stabilizing the 
with 0.01 mg/ml and adding heparin 
> concentrations of 2, 4 and 10 mg/ml. 
sxperiments a practically linear depend- 
of the heparin concentration was found. 


The calculated effect of a concentration of 


1 mg/ml was: pH fall 0.003, pCOg, rise 0.1 


mm Hg and base excess fall 0.2 meq/I. 

The effect in lipemic blood was specially 
investigated by comparing actual pH meas- 
ured with and without the use of heparin 
(0.4 mg/ml). 4 experiments showed no signi- 
ficant difference. 


D) Acid-base changes in anaerobically 


stored blood. 


' The changes in pH, pCO, and base excess 
were investigated in blood stored anaerobic- 
ally at 38°, 20°—24° and 0°—4° C. 

The initial pH changes (O—30 min.) were 
investigated by filling the electrode with 
blood, closing the open end of the electrode 
with a rubber band and following the pH 
reading. Capillary blood from 8 normal indi- 
viduals was examined. The electrode was 
filled immediately after blood sampling both 
with heparinized blood (0.4 mg/ml) and 
with unheparinized blood. In all 8 cases a 
practically straight line pH fall was found 
both when the electrode was ‘‘thermostated” 
at 38° C and at room temperature. The rate 
was 0.066 + 0.014 pH units per hour at 
38° and 0.026+ 0.006 at 22—24°C. No 
difference was found between heparinized 
and unheparinized blood. Storing of the 
blood for %4—1 hour at 38° C, room tempe- 
rature or 0° C before measurement did not 
influence the course of the pH change at 
38° C. Comparison of venous and capillary 
blood showed no difference. 

The course of changes in pH, pCO, and 
base excess for longer times was investigated 
by frequent measurements on blood stored 
in a syringe. An example of the course of 
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pCO, mm Hg 
BASE EXCESS 
meq/l 


pH 


7,4 
he 
7,2 
7,1 
7,0 


6,9 


, 


0 1 2 3 


Fig. 1. Changes im the acid-base status of human blood stored anaero- 
bically at 38° C. The diagram used is described by Siggaard Andersen 


1960. 


changes in normal blood at 38° C is shown 
in Fig. 1. It is seen that all three values 
change practically in a straight line for the 
first 3 hours at 38° C. Then all three tail off 
and reach in the course of 24 hours: pH 


cen, pei 
peeveeeeeeeeg, PCO,mm Hg 
6 > BASE EXCESS 
4 5 6 12 24 48 
6.9, BE —10 to—15 meq/land pCO, 1 0 


values in the first 3 hours at different te 
rature is shown in the Table. As see 


150 mm Hg. The rate of change for the 
changes within the first three hour 


of storage is given as mean value and range of results. 


Number of 
experiments 


Temperature 
of storage 


A pH 
per hour 


— 0.062 + 0.021 
— 0.024 + 0.012 


Table I. Changes in acid-base status of human blood stored at 
different temperatures. The rate of changes per hour for the first 3 hours 
A pCo, 
mm Hg per hour 
— 0.006 + 0.004 


A BE 


meq per hour 


ONS 
Dui co 
HEHE HE 
ors 
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imal when the blood is stored at 
4° C, 

n examination of the cause of the differ- 
in the rate of changes in different blood 
ples showed that the rate is independent 
he hemoglobin concentration but very 
sndent on the number of leukocytes. In a 
ple of a suspension of leukocytes (6,400 
ocytes per ul, hemoglobin concentration 
g/ml) the following changes were found: 


PB. 
E Wo 
ca 
ro 

aa 


<,0t t705 
2 o 
E E 
=30 160 = 
5 2 
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w 
220 1508 
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10+ +140 
| | 
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pH fall 0.067 per hour, BE fall 1.8 meq/I 


~ per hour and pCO, rise 5.3 mm Hg per hour. 


I. Effect of sodium fluoride on blood acid- 
base status. 

This effect can be separated into two parts 
with different causes: 1) The simple salt 
effect and 2) the effect on the changes in the 
acid-base status due to the enzyme inhibitory 
action of the fluoride ion. 


G--— = 9. eT 
Acree PCO, mm Hg 
eo. BASE EXCESS 


Fig. 2. Changes in the acid-base status of human blood (same as shown 

in Fig. 1) plus sodium fluoride to a concentration of 1 mg per ml blood 

and stored at 38° C. The changes in the sodium and potassium concen- 
trations of the plasma are also shown. 
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0 1 2 3 4 5 6 


Fig. 3. The effect of different fluoride concentra- 
tions on the pH changes in human blood stored at 
38° C. The amount of sodium fluoride in mg per 
ml blood was zero (curve A), 0.25 (curve B), 0.5 
(curve C), 1.0 (curve D) and 2.0 (curve F.) 


1) The simple salt effect was investigated 
in 14 experiments with a concentration of 
sodium fluoride in the blood of 5 mg per ml 
and the effect was compared with that of 
sodium chloride in equimolar concentration. 
In five experiments the powdered salts were 
added. In the rest of the experiments the salt 
was first dissolved in physiological NaCl 
which was then added to the blood in the 
ratio 1/19 and comparison was made with 
blood diluted to the same ratio with pure 
physiological NaCl. The acid-base status was 
determined within 15 minutes after the ad- 
dition of the salt. With different commercial 
preparations of sodium fluoride different 
results were obtained, but with pure sodium 
fluoride (A.R.) in freshly prepared solution 
reproducible results were obtained and the 
same effect was observed with equimolar 
concentrations of sodium chloride and sodi- 
um fluoride. At a concentration of 5 mg per 
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ml the effects in whole blood were: pH fi 
0.030, pCO, fall 6 mm Hg and BE fall 1 
meq/l. The effects on plasma were: pH f 
0.030, pCO, fall 2 mm Hg and BE fall 2 
meq/l. The use of different concentrati¢ 
from 1 to 5 mg per ml showed approximate 
a straight line dependence. The effect 
1 mg/ml whole blood can concequentl 
anticipated as a pH rise of 0.006, a pC 
fall of 1.2 Hg and a BE fall of 0.3 meq/l 


2) The changes in acid-base status 
blood plus sodium fluoride to a concentrati 
of 1 mg per ml during storing at 38° C wi 
investigated in 7 experiments all sho 
identical changes. One of the experiments 
illustrated in Fig. 2. The common chang 
in the 7 experiments were as follows: Y= 
hour after the addition of fluoride the p 
value reaches a minimum having fallen 0.0 
—0,.020. Simultaneously the BE falls 0.5= 
meq/l and pCO, rises O—2 mm Hg. Aft 
this, the course turns to the basic side ai 
after 3—4 hours the pH reaches a maximt 
after a rise of 0.17—0.19. Simultaneous] 
shortly before, the BE reaches a maxim 
after a rise of 2—3 meq/l. The pCO, reacl 
a minimum somewhat later, after about 5 
hours, having fallen approximately 20 n 
Hg. After this, the values again change 
wards the acid side, and, after 24 hours, 1 
starting point is almost reached, pH bet 
0.020—0.060 lower, BE being 2—4 me 
lower and pCO, almost the same. 

In six of the experiments the change 
acid-base status was also followed in 
blood plus an equimolar amount of Né 
and in the blood without added salt. 
course of changes could not be distinguis 
whether NaCl was added or not. Deraf 
ment of the osmotic equilibrium due to 
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salt is consequently of minimal im- 
ice for the course of changes and the 
of NaF must be considered to be 
ic. 
2 effect of different concentrations of 
of 0.25 mg, 0.5 mg, 1 mg and 2 mg per 
90d was examined and the effect on pH 
wn in Fig. 3. It is seen that 0.25 mg/ 
uses an even change to the acid side 
as the other concentrations show the 
to the basic side. The major change 
n with a concentration of 1 mg/ml, and 
r concentrations apparently delay the 
e. 
e effect of 1 mg/ml of NaF was invest- 
lat 22° C. The same course of changes 
ind at 38° C occurred, only somewhat 
ed. The pH minimum (—0.021) oc- 
1 after 1—1¥%4 hour and the maximum 
7—8 hours. 
determine the cause of these peculiar 
es, the effect of 1 mg/ml of NaF ona 
nsion of leukocytes in plasma (6,400 
cytes per ul, 0.1 g hemoglobin per 100 
nd on saponin hemolyzed blood kept at 
_ was investigated. In both cases an 
change to the acid side occurred in 
ourse of %4—1 hour after which the 
; were practically constant or very 
y changing to the acid side. The initial 
hange in the leukocyte suspension was: 
all 0.050, BE fall 2 meq/l, pCOg, rise 
| Hg, and in the hemolyzed blood: pH 
050, BE fall 0.5 meq/l and pCo, rise 
Hg. 
concentration of 1 mg NaF per ml blood 
ound to prevent fall in glucose concen- 
n effectively in blood stored 24 hours 
° C. Apparently some acid-producing 
cal processes other than glycolysis not 


inhibited by NaF are the cause of the initial 
change to the acid side in fluoridated blood. 
The change to the basic side appears to be 
dependent on the presence of intact red cells 
and must be due to a redistribution of acids 
or bases between the red cells and plasma. 
To elucidate this further the distribution of 
K and Na in fluoridated blood was invest- 
igated. The results are shown in Fig. 2. It is 
seen that the potassium rapidly leaks out of 
the cells in the course of 3 hours and that 
sodium in the same time leaves the plasma 
to enter the cells. In blood without fluoride 
the sodium and potassium concentrations 
were practically constant within 3 hours at 
38° C. To investigate whether changes in 
hydrogen ions were connected with the 
simultaneous changes in K and Na, dog 
blood was examined because of the small 
difference in electrolyte concentrations be- 
tween cells and plasma in dog blood. Here 
no basic shift was found, and only small 
changes in plasma potassium (4.2 to 6.3 
meq/l) and plasma sodium concentrations 
(182 to 172 meq/1) occurred within 3 hours 
ati 38°C. 


DISCUSSION 
A)\iloss of GO». 

In 1934 Shock & Hastings described a 
method for the sampling of capillary blood 
under liquid paraffin. In 1955 Singer, Sohl 
& Bluemle described a ‘‘virtually anaerobic” 
technique where the blood dripped into a 
small funnel from where it was immediately 
sucked into a small syringe. They compared 
the two methods and found greater Cos loss 
by sampling under paraffin than by the vir- 
tually anaerobic technique. The present in- 
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vestigation shows that the loss of CO, from 
a blood drop is a rather slow process with- 
out practical significance when the capillary 
blood is sampled by a virtually anaerobic 
technique as in the one described by Singer, 
Sohl & Bluemle or the one described by 
Siggaard Andersen e¢ al. 1960. 


B) Dilution effect. 

The dilution effect on blood pH was de- 
scribed by Yoshimura (1935) who found no 
change in blood pH on 10 per cent dilution 
with physiological saline. The present data 
confirm the fact that blood pH is practically 
unaffected by small dilutions. The actual bi- 
carbonate concentration of plasma and the 


pCOs, however, fall in direct proportion to. 


or slightly more than the dilution, and the 
base excess falls about 0.3 meq/I per per cent 
of dilution. 


C) Heparin effect. 

Several authors have shown that the effect 
of heparin on the acid-base status is minimal 
for a concentration of 1 mg per ml blood. 
(Yoshimura 1935; Severinghaus, Stupfel & 
Bradley 1956). However, Sanz (1960) has 
stressed the importance of avoiding heparin, 
as small concentrations may cause a con- 
siderable acid shift, especially in lipemic 
blood, possibly due to the co-lipase activity 
of heparin. This effect could not be demon- 
strated in the present investigation. 


D) Acid-base changes in anaerobically 
stored blood. 


The use of the capillary glass electrode for 
following the changes in the pH reading of 
the solution filling the electrode are discuss- 
ed in the following paper by Siggaard An- 


—_—-— 


dersen. It was shown that with a of 
electrode the spontaneous drift in the 
reading of a plasma sample stored in 
electrode at 38° C was 0.012 pH a 
hour. The spontaneous drift with 
blood must be considerably lower due 3 
better buffering capacity of whole blood 
attempts were made to correct the obset 
changes in whole blood pH for the 
taneous basic drift. The mean value for 
rate of pH change (0.066 + 0.014 per h 
for blood stored in the electrode agrees 
sely with that of blood stored in~ svi 
(0.062 + 0.021). 

In 1928 Havard & Kerridge descri 
“first acid change” of 0.07 in the cour 
10—12 minutes after shedding of the ble 
Thereafter a much slower change occuf 
due to glycolysis. The change could be { 
vented by rapid cooling but not by fluor 
The present investigation has not sb 
such a rapid first acid change. Both at re 
temperature and at 38° C the pH fell apg 
imately as a straight line for several h 

It is shown that cooling to 0O—4° C 
vents changes of any practical significan¢ 
the acid-base values for at least 3 hours. 
of potassium from the red cells and 
shift apparently come considerably later. 
irreversible changes due to cooling f 
hours were found. 


E) Effect of sodium fluoride on blood 
base status. | 
The simple salt effect of the NaF on 
actual pH value has been described b 
veral authors. Yoshimura (1935) found 
a concentration on 2 mg/ml lowered the 
value by 0.100. Mgller (1959) found 
2.5 mg/ml increased the pH value by 0. 


SAMPLING AND STORING OF BLOOD FOR DETERMINATION OF ACID-BASE STATUS 


» present work showed that 5 mg/ml in- 
used the pH value by 0.030. This di- 
spancy is possible due to the fact that 
umercial NaF may contain considerable 
yunts of impurities. Data on the effect on 
J. and base excess could not be found in 
literature. 


‘he most likely errors in the acid-base 
1es when a concentration of 1 mg NaF 
ml of blood is used and the blood is 
ed at 22—24° C for O—3 hours before 
surement are as follows: The immediate 
effect causes an increase in pH of 0.006 
a decrease in pCO, of 1.2 mm Hg, and 
ecrease in BE of 0.3 meq/l. During stor- 
for 3 hours the maximum changes will 
pH fall 0.010—0.020, pCO, rise 0O—2 
Hg and BE fall 0.5—1 meq/l. The over- 
sffect will be a pH error from +0.006 to 
ut —0.014, a pCO, error from —1 to +1 
Hg and a BE error from —0.3 to —1.3 
/l. In a previous publication (Siggaard 
lersen et al. 1960) 10 comparisons be- 
en arterial and capillary blood were 
wrted. For actual pH no significant differ- 
» was found. For pCOs, and base excess 
value in capillary blood was 2 mm and 
—1 meq/l lower respectively. Only the 
lary blood was stabilized with NaF 
mg/ml) whereas the arterial blood was 
pled in a syringe and subject to a dilution 
bout 2 per cent. It seems that the differ- 
is simply explained by these errors. 
r 1959, Nunn described the effect of 
ride on the course of changes in whole 
d pH, but he did not report the effect on 
, or base excess. The present invest- 
on completely affirms Nunn’s findings. 
in be concluded that NaF does not pre- 
an initial acid production from some 
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other sources than glucose. The fluoride, 
however, prevents the glycolysis necessary 
for the maintenance of the uneven distribut- 
ion of the cations between the cells and the 
plasma. The change to the basic side in flu- 
oridated blood is obviously due to this effect 
of the fluoride but the true mechanism has 
not been elucidated. It is supposed that the 
transient change to the basic side is due to 
diffusion potentials arising as long as the K 
and Na distribution is out of equilibrium 
causing a change in the distribution of H*. It 
can not be entirely excluded, however, that 
active processes maintain an uneven distri- 
bution of H* in human red cells by pumping 
H+ out of the red cells like sodium, and that 
this mechanism is blocked by fluoride, so 
that H+ enters the cells until equilibrium is 
attained. This mechanism, however, offers 
no explanation of the fact that the shift is 
transient. 


CONCLUSIONS 


Some directions for the sampling and stor- 
ing of blood for determination of the acid- 
base status may be given on the basis of the 
present investigations. 

Heparin may be used in concentrations 
below 1 mg per ml without significant error. 

Corrections must be applied for an even- 
tual dilution as pCO, falls percentwise and 
BE falls approximately 0.3 meq/l per 1 per 
cent dilution. The actual pH value is prac- 
tically unchanged. 

The blood should be stored for as short a 
time as possible and best chilled in icewater. 
Within 3 hours no significant changes in 
acid-base status occur at O—4° C. If this is 
not: practicable the blood can be stored for 
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about 3 hours at room temperature (22— 
24° C) when sodium fluorides in a concen- 
tration of 1 mg per ml blood is used. This, 
however, introduces a variable error of 
+0.006 to —0.014 for pH, —1 to +1 mm 
Hg for pCO, and —0.3 to —1.3 for base 
excess. (—0.2 to —1.0 meq/l for standard 
bicarbonate. ) 


SUMMARY 


The effects on the blood acid-base status 
(pH, pCO, and base excess) of exposure of 
the blood to atmosperic air, of heparin, of 
dilution of the blood, of glycolysis and of 
sodium fluoride have been investigated. 
Some directions for the sampling and storing 
of blood for determination of the acid-base 
status are given. 
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One of the problems concerning electro- 
netric pH determinations is the often un- 
own junction potential arising at the 
iquid-junction between the salt bridge and 
he solution to be measured. This junction 
yotential need not be the same with the 
tandard buffer and the test solution, and the 
lifference between the two is called the 
esidual junction potential. It is evident that 
he junction potential influences the repro- 
lucibility and stability of electrometric meas- 
irements. Several factors are known to in- 
luence the junction potential 7. ¢.: the phy- 
ical structure of the junction; the salt-solut- 
on in the bridge; the temperature of the 
unction, and colloids. If the residual junct- 
on potential is affected by these factors then 
he measured pH value in the test solution 
s altered. It is the purpose of this paper to 


1 This work was supported by grants from “The 
Janish Foundation for the Advancement of Medi- 
al Science’ and ‘“‘The Danish State Research 
‘oundation”. 


show how these factors may influence the 
measured pH value of blood or plasma. 


METHODS 

A direct reading pH meter of the type PHM 22 
(Radiometer) accurate to about = 0.001 pH units 
was used. 

The electrode set comprised a capillary glass 
electrode and a saturated calomel electrode as 
described by Siggaard Andersen, Engel, J¢rgen- 
sen & Astrup, 1960. The glass capillary, length 
10cm, capacity 20 ul, is manufactured from Cor- 
ning. O15 glass. The liquid-junction is formed 
between the stest solution in a polyethylene tube 
(0.1—0.5 mm diameter) dipping into the salt bridge 
ita vessel kept at a constant temperature (‘“‘thermo- 
stated”). Connexion with the calomel cell is pro- 
vided by a porous plug in the bottom of this vessel. 

The standard buffer was a 1/15M phosphate 
buffer prepared in large batches from 1.8156 ¢ 
KHePO, (S¢grensen) and 9.4934 ¢ NagHPO4,2H20 
(S¢rensen) in 1000 ml aqueous solution. The pH 
value for each batch was measured accurately at 
38° C against a certified phosphate buffer with a 
pH value of 7.381 according to the NBS scale 
(Baumwoll Spinner & Petersen, 1961). The values 
of the batches measured in this way were always 
very close to 7.370. 


or 
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RESULTS 
A) Stability of the pH-readings. 


The stability of the electrode system was ~ 


investigated by filling the glass electrode with 
the sample and following the pH-reading for 


minutes 
0 10 20 30 40 50 60 


Fig. 1. The drift of the phosphate buffer pH read- 
ing at 38° C when the electrode has been stored for 
some days before the experiment at 38° C in 0.1 N 
HCl (A); in 0.01 M borate buffer (pH 9.09) (B), 
and 1/15 M phosphate buffer (pH 7.37) (C). 


a half to one hour. A more or less pro- 
nounced drift was observed depending on 
the pH at which the glass electrode had 
been stored before the measurement. Fig. 1 


shows how the buffer pH-reading changes in ° 


the course of one hour when the electrode 
was stored for some days at 38°C with 
0.1 N MCI; a borate buffer (pH 9.09) or the 
phosphate buffer (pH 7.37). It is seen that 
the pH-reading transiently drifts to the acid 
side when the electrode has been stored in 
acid but otherwise drifts to the basic side. 
The drift was further found to depend on 
the buffering capacity of the sample. When 
the electrode was stored with the 7.37 buffer 
the following drifts were found at 38° C: 
with distilled water from, 7.21 to 7.39 in 
10 minutes, to 9.5 in 24 hours; with 20 mM 
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sodium-acetate plus some HCl, from 7.41 f 
7.47 in 10 minutes; with 20 mM _ sodiu 
bicarbonate (with a pCO, approximately 4f 
mm Hg), from 7.420 to 7.441 in one hour 
with phosphate buffer from 7.370 to 7.37! 
in one hour. Different electrodes were usec 
and the values quoted refer to the one whid 
showed the least drift. ; 

The following possibilities were conside 
ed as a cause of this drift: . 


1) Change in the normal potential of th 
electrode showing itself as an altered butfe 
adjustment before and after the experiment 
When the electrode was stored with 0.1 
N HCI the initial drift to the acid side of th 
buffer pH was explained by a change if 
buffer adjustment. In all other cases the 
buffer adjustment was constant withi1 
-+ 0.005 pH. : 


q 

2) Change in the junction potential w 
investigated by following the drift for 10 t 
15 minutes after which a new liquid junctiot 
was made, either by cutting off about 1 cn 
of the plastic tube dipping into the salt bridge 
or by exchanging the plastic tip for a ney 
one filled with the sample. Independent 
the sample used (pure solutions or plasma) 
the reading always changed less than +0.00; 
in pH by this procedure. The junction poten 
tial thus seems very reproducible and stabl 
within one hour: | 


3) Loss of CO, from the ends of the elec 
trode could increase the basic drift in solut 
ions containing CO,. Replacement of th 
plastic tip with a glass tip, together witl 
closure of the open end of the electrode 
means of a rubber band, did not’ change thi 
drift measurably. Nevertheless the end | 
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electrode was always closed during in- 
‘igations of the electrode drift. 


) Diffusion from the thermostated part of . 


electrode to the unthermostated ends 
ld theoretically give rise to some drift. 
th the whole electrode at the same tempe- 
ire (room temperature) some drift was 
present; but much less than at 38° C. 


) Solution of the electrode glass with 
sequent discharge of base to the sample 
y exclusion regarded as the main cause 
he basic drift. In favor of this view is the 
that the drift is very dependent on the 
ering capacity of the sample. 


Physical structure of the liquid-junction. 


he importance of the diameter of the 
ethylene tip was investigated by filling 
electrode with sample and then. alter- 
ly measuring with a wide tip (0.7 mm 
+ diameter) and a narrow tip (approx- 
tely 50 u inner diameter). No significant 
arence in pH could be measured either 
1 buffer or whole blood. The readings 
ed within + 0.003 with both types of 
id junction. It was found to be unim- 
ant whether the plastic tip was placed 
within the middle of the salt bridge or 
against the side of the vessel. 

matter of some importance was the sedi- 
tation of the red cells out of the plastic 
through the liquid junction. This some- 
s occurred with the wide tip giving rise 
instable readings. Most often, however, 
precipitation of the proteins by the 
rated KCl gave rise to a sharp, well 
ed junction. 


C) Composition of the salt bridge. 


Salt bridges of saturated KCI, 0.15 M 
KCl and 0.15 M NaCl were prepared by 
filling the small thermostated vessel in the 
calomel electrode with the respective salt 
solutions. Measurements were made at 38°C. 
The pH-value of the phosphate buffer was 
adjusted to 7.370 in each type of bridge and 
the pH-value of the plasma sample was 
measured against this. Three different nor- 
mal plasma samples were used; each meas- 
urement repeated 4 times. With a 0.15 M 
KCl bridge the plasma pH was found to be 


°0.105 lower than with the saturated KCl 


bridge (range 0.102—0.108). With a 0.15 M 
NaCl bridge, the plasma pH was found to 
be 0.136 (0.132—0.140) lower than with 
the saturated KCl bridge. 


D) Temperature of liquid-junction. 


During the investigation of the signi- 
ficance of the temperature of the liquid- 
junction, the thermostated calomel electrode 
was replaced by a non-thermostated electrode 
(KK 100, Radiometer). A small beaker with 
saturated KCl constituted the salt bridge. 
The beaker was either cooled or warmed and 
the temperature accurately measured simul- 
taneously with the pH-measurement. The 
buffer pH was adjusted to 7.370 at each 
temperature and the plasma pH read against 
that. Fig. 2 shows the results. It is seen that 
the plasma pH decreases 0.0010 for each 
degree centigrade the temperature of the 
liquid junction increases. With a 0.15 M 
KCI bridge a decrease of 0.0015 pH units 


per degree centigrade was found. 
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APH = pHyo - PH3,0 


temperature 
50 Cc 


0 10 20 30 40 


Fig. 2. Effect of temperature of the liquid-junction 

(saturated KC1) on the pH value of plasma mea- 

sured against a phosphate buffer adjusted to 7.37 

at any temperature. The ordinate shows the differ- 

ence between the pH value measured at a given 

temperature and the value measured at a tempe- 
rature of 38° C. 


IX) “Suspension effect” of the red cells”. 


pH measured at 38°C on whole blood 
was compared with the pH measured at 
38° C on plasma and a concentrated red cell 


Table. Suspension effect of red cells. 


Salt bridge 


A pH 
whole blood 


A pH 
conc. cells 


sat. KCl 


— 0.010 + 0.005 | — 0.040 + 0.011 
0.145 M KCl |—0.001 + 0.007 | — 0.005 + 0.010 
0.15 M NaCl |+ 0.002 + 0.006 | — 0.003 + 0.009 


pH values of plasma, whole blood and concentrated 
red cells were measured at 38°C after anaerobic 
separation at 38° C by centrifugation for 5 minutes. 
The temperature of the junction was 38° C. The 
hematocrit value of the concentrated cell suspension 
was about 90--95 per cent. pH = pHpooqa—pH 
plasma was calculated. The table shows mean value 
and range of results of 5 determinations. 


suspension prepared by anaerobic ¢ 
fugation of the blood at 38°C for 

5 min. Five experiments were perfo 
with salt bridges of saturated KCl, 0.15 
KCl and-0.15 M NaCl. The mean value 
the range of the results is shown in Tabl 
It is seen that a saturated KCl bridge zi 
more acid pH values in whole blood % 
concentrated cell suspensions than in plast 
0.010 and 0,040 respectively. With brid 
of 0.15 M KCI or NaCl this differe 
practically disappears. This indicates . 


Tablell. Red cell effect on junction 


A pH A pH 
Salt bridge whole blood cone. cells 


sat. KBl — 0.010 + 0.003 | — 0.036 + 0 
0.15 M KCI |—0.001 + 0.003 | — 0.005 + 
0.15 M NaCl 0.000 + 0.002 0.000 + ¢ 


The effect on the pH value of plasma of the it 
polation of a bridge of whole blood or concentr 
cell suspension (HTC approximately 90—95 
cent) measured at 38° C. The temperature o: 
junction was also 38° C. The mean value and f 
of results from 5 determinations is shown 
% 
red cells do not affect the glass membt 
nor the junction. potential, when unhe 
lyzed. ; } 
To illustrate this further the following 
periments were performed. The elect 
was filled with plasma and the pH was 1 
with the plastic tip filled with either plas 
whole blood or concentrated cell suspens 
Five experiments performed with each 
of salt bridge. Table II shows the m 
value and the:range of the results. It is | 
that practically the same values for 
“suspension effect” as reported in Tab 
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found when the red cells affect the junct- 
potential only. 


nvestigation of the suspension effect with . 


liquid junction at room temperature gave 
htly greater values: whole blood being 
[8 more acid than plasma. 


DISCUSSION 
Stability of the pH-reading. 


fhe spontaneous drift to the basic side of 
pH readings found for solutions with pH 


ues about 7 to 8 was concluded to be - 


sed by solution of the electrode glass, with 
charge of base to the sample. As there is 
sort of stirring, the discharged base may 
nge the pH in a thin layer close to the 
3S membrane. 

t is well known that electrode glass diss- 
2s in water, especially at pH-values above 
This was shown by Hubbard, Hamilton 
inn (1939), who further showed that the 
ss swells at pH-values below 7; probably 
-to water imbibition of the silicate net- 
“k. 

‘he present investigations indicate that 
least drift is obtained if the electrode is 
‘ed at a pH value close to the values the 
trode is expected to measure. However, 
he electrode is out of use for longer per- 
; it should probably be kept at acid pH 
—6), to diminish the solution of the elec- 
le glass. 


Physical structure of the liquid-junction. 


everal authors have drawn attention to 
significance of the structure of the liquid 
ction (Bates, 1954; Wright, 1959). Both 


authors emphasize the necessity of cylindrical 
symmetry to obtain the highest reprodu- 
cibility and stability. Wright finds a three to 
four-fold increase in the drift if the poly- 
ethylene tip lies against the side of the vessel. 
The present investigations have not con- 
firmed this finding. It possibly makes a diff- 
ence whether the polyethylene tube is filled 
with the sample or the salt bridge. The latter 
was the case in Wright’s investigations. 


C). Composition of the saltbridge. 


The use of saturated KCl as bridge is 
nearly universal as this is believed to give 
minimal junction potentials. Wright (1959) 
and Mattock (1959) have recently recom- 
mended the use of an isotonic bridge solution 
for blood pH measurements from the con- 
sideration that saturated KCl precipitates 
proteins at the junction, which causes ir- 
reproducibility and instability. No data have 
been found in the literature for the com- 
parison of pH values of plasma measured 
with different salt bridges. The present data 
show that the. biological pH scale would 
change considerably if it was decided to use 
either physiological KCl or physiological 
NaCl as bridge solution; namely —0.105 
and —0.136 respectively. 


D) Temperature of liquid-junction. 


It is well known that the junction potential 
changes with the temperature of the junction. 
If, however, the junction potential changes 
in the same way for the buffer and the plas- 
ma so that the residual junction potential is 
constant then the temperature of the junction 
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is insignificant because the pH value of the 
buffer is always adjusted before measure- 
ment of the sample. The present data show, 
however, that the residual junction potential 
changes considerably, so that a plasma pH 
value measured with the liquid junction at 
room temperature is approximately 0.015 
more basic than the value measured with the 
junction at 38°C when a saturated KCl 
bridge is used. This shows the necessity of 
keeping the junction at a constant tempe- 
rature to obtain comparable and reproducible 
results. 


E) “Suspension effect’ of red cells. 


It was shown by Jenny, Nielsen, Coleman 
& Williams (1950) that the measured pH is 
often too low in colloidal solutions due to 
the effect of colloidal particles on the junct- 
ion-potential. In 1956 Severinghaus, Stupfel 
& Bradley showed that the pH value meas- 
ured on whole blood was 0.008 lower than 
the pH value measured on the corresponding 
plasma. The present data are in very good 
agreement with this finding as the difference 
between whole blood pH and plasma pH is 
found to be 0.010 when a salt bridge of 
saturated KCl of 38° C is used. It is shown 
that the effect is due to precipitation and 
haemolysis of the red cells at the junction 
causing an altered junction potential. Intact 
cells apparently do not affect either the junc- 
tion potential or the glass membrane. 

The consequence of the difference be- 
tween whole blood pH and plasma pH when 
using a saturated KCl bridge seems to be 
the use of a physiological saline bridge 
(either KCl or NaCl) as proposed by Wright 
and Mattock. This involves, however, a con- 


siderable change in the biological pH s¢ 
and thereby creates a series of new proble 
which appears greater than the present. 

Another possibility would be always” 
separate the plasma anaerobically at 38° 
This would further eliminate problems 
to glycolysis in the blood, but it would 
volve certain technical difficulties. 

The most practical solution at presen 
possibly to retain the saturated KCl brid 
and then distiguish between whole blood P 
and plasma pH, estimating the difference 
be 0.010. 


SUMMARY 


a 


Different factors affecting blood pH me 
urement with the capillary glass electro 
were investigated. . 

The pH reading tended to drift to t 
basic side for solutions with pH values abe 
7—8. This drift is considered to be due 
solution of the electrode glass with s1 
sequent discharge of base to the test solutit 

The junction potential did not drift me 
urably within half an hour and was im 
pendent of the diameter of the liquid jun 
ion. 

The residual junction potential varied w 
the type of salt bridge and the temperature 
the junction. 

Intact red cells were apparently with 
effect on the junction potential or the 
membrane, but precipitated and hieniGll 
red cells at a saturated KCl-junction chan; 
the junction potential so that whole blod ; 
is 0.010 lower than plasma pH, when 
junction has a temperature of 38° Cel 
grade. . 
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The prothrombin conversion principle in 
the extrinsic blood clotting system, extrinsic 
prothrombinase, is formed during incubation 
of tissue thromboplastin, proconvertin re- 
agent, (containing factor VII and factor X) 
calcium chloride and accelerin. The active 
principle can be sedimented at high speed 
centrifugation and is thus bound to particles 
(Hjort, 1957). 

A similar activity in the intrinsic blood 
clotting system, intrinsic prothrombinase, is 
formed on incubating serum, adsorbed plas- 
ma, platelet suspension and calcium chloride 
as shown by Biggs, Douglas & Macfarlane 
(1953). A cephalin suspension can be sub- 
stituted for platelets (Bell & Alton 1954). 

Bergsagel & Hougie (1956) obtained an 
active clotting principle in the sediment when 
they centrifuged an incubation mixture con- 
taining normal serum, factor VIII, calcium 
and platelets. The activity of the supernatant 
was not mentioned. Since all known clotting 
factors were present in this incubation mix- 
ture, the activity may be due, at least in part, 
to a fully developed intrinsic prothrombinase 
and not to an earlier intermediate. If this is 
so, they showed that the intrinsic prothrom- 
binase is sedimentable, possibly bound to 
platelet granules. 


Streuli (1959) states that the deposit afte 
high speed centrifugation of the thrombe 
plastin generation mixture, when dissolvet 
has the same thromboplastic activity as th 
of the incubation mixture. A chlorofor 
brain extract was used instead of platelet 
He does not mention the activity of tk 
supernatant. 

It is the purpose of this report to sho} 
that the main activity of intrinsic prothron 
binase can be sedimented whether platelets ¢ 
a cephalin suspension is used in the incuba 
ion mixture. 


— 


j 

{ 

MATERIALS 
Adsorbed bovine plasma. Barium sulphate fo 
lowed by aluminum hydroxide was used accordit 
to the method of Wagner, Richandson & Brin 
hous (1957). This plasma contains factor VIII b 
only very small amounts of fibrinogen. The co 
tent of factor V is low. The plasma was stor 
liquid frozen and was diluted immediately befo 
use. . 
Buffer. A modified veronal buffer (pH 7.35 ai 
tonic strength 0.154) was used (Owren 1947). 
Buffer-saline. A mixture of one-tenth volume 
buffer in saline was used. 
Calcium chloride 30mM. | 
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Cephalin. A crude cephalin suspension was pre- 
red from human brain as described by Hjort, 
ipaport & Owren (1955). A 1:200 dilution in 
ffer of this stock suspension was used. ; 
Dilution fluid II was prepared as described by 
jort et al. (1955). 

Fibrinogen. Bovine fibrinogen was prepared by 
e method of Kekwick & MacKay (1954). It was 
wred at —20° C. 

Normal citrated platelet-poor plasma. Human 
90d was collected in one-tenth volume of 3.13 
n per cent sodium citrate dihydrate and centri- 
ged for 30 minutes at 2,500 rpm. The plasma 
vs pipetted off and stored at —20° C. 

Normal serum was prepared according to the 
sthod described by Waaler (1959). It was stored 
—20° C and was diluted immediately before use. 
Platelet suspension was prepared according to 
e method described by Biggs et al. (1953). 
Proaccelerin reagent was prepared by the method 
Owren (1947). This reagent is free of prothrom- 
n. It contains small amounts of factor VIII. 


METHODS 


Intrinsic prothrombinase was prepared by incu- 
tion of the following mixture: 0.6ml normal 
rum diluted 1:10 in dilution fluid II + 0.6 ml 
sorbed bovine plasma diluted 1:5 im dilution fluid 
+0.2ml proaccelerin reagent + 0.6 ml platelet 
spension or cehpailin suspension + 0.6 ml calcium 
lloride. After incubation at 37° C for 8 minutes, 
e mixture was centrifuged for 15 minutes at 
,000 r.p.m. The supernatant was decanted off, 
id the sediment (traces) was dissolved in 0.5 ml 
‘ffer-saline. 

The sediment and supernatant were tested in 
iplicate at 37° C in the following systems. 

a) For intrinsic prothrombinase: 

0.2ml normal citrated platelet-poor plasma + 
2mil buffer-saline + 0.2 ml calcium chloride + 0.2 
| test material. Calcium chloride was followed 
ithim 5 seconds by the test material. 

b) For thrombin: 

0.2mi fibrinogen + 0.2 ml 
| test material. 


buffer-saline + 0.2 


RESULTS AND COMMENTS 


As shown in the table, the coagulant activ- 
ity of the sediment versus plasma is very 
high and much higher than that of the super- 
natant. The activity of the sediment in the 


-amount of suspension fluid used is about 


equal to the activity of the incubation mix- 
ture. The thrombin activity of sediment and 
supernatant is very low, and there is little 
difference between them. The high activity 
of the sediment must therefore be due to in- 
trinsic prothrombinase. Thus the prothrom- 
binase is sedimentable and must be bound to 
particles. 

The extent of sedimentation was estimated 
by comparing the activity of the supernatant 
with the activity of the noncentrifuged in- 
cubation mixture. The incubation mixture 
was tested in different dilutions. When clott- 
ing time of dilutions was plotted on double 
logarithmic scale, a linear relationship was 
found. If the concentration of intrinsic pro- 
thrombinase in the incubation mixture was 
chosen as the one hundred per cent value, the 
concentration of prothrombinase in the super- 
natant was 2—5 per cent as read from the 
correlation graph. Thus 95—98 per cent of 
the prothrombinase in the incubation mix- 
ture was sedimented. 

The activity of the sediment and the super- 
natant was of the same order of magnitude 
whether platelets or cephalin were used. 
Bergsagel & Hougie demonstrated that Pro- 
duct I (serum factor(s) + factor VIIT + 
calcium) interacts with platelet granules and 
not with whole platelets or platelet frag- 
ments. These granules are probably identical 
with the platelet lipoid factor. Intrinsic pro- 
thrombinase may thus be sedimented with. 
lipoid aggregates from the platelets. 
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Table I. Intrinsic prothrombinase and thrombin in sediment and 
supernatant following high-speed centrifugation of the incubation 


mixture (see text). 
rr ea 


Clotting time in seconds 


Source of 


lipoid factor : 
e Incubation 


mixture 


Platelet 
suspensjoo 


Cephalin 
suspensjon 


It is conceivable that the function of the 
cephalin particles is similar to that of the 
platelet granules. Sedimentation rate of the 
cephalin particle parallel to that of intrinsic 
prothrombinase would indicate that this 
might be so. When a cephalin suspension 
was centrifuged at 25,000 rpm. for 15 
minutes, cephalin was sedimented as a small 
white pellet, and the supernatant was clear. 
The degree of sedimentation was estimated 
in the same incubation mixture used in the 
production of intrinsic prothrombinase ex- 
cept that buffer replaced calcium chloride, 
After centrifugation at the same speed the 
different layers and the sediment were tested 
in the following system, which is sensitive to 
cephalin: 0.2 ml normal platelet-poor plasma 
from a fasting individual + 0.1 ml Russel’s 
viper venom diluted 1: 20,000 + 0.2 ml test 
substance + 0.2 ml calcium chloride 30 mM. 
The non-centrifuged mixture gave a clotting 
time of 10.6 seconds. After centrifugation, 
identical clotting times at 18.6 seconds were 
recorded from the top, middle and bottom 
layers. The sediment suspended in 0.5 ml of 


buffer gave 8.7 seconds. The non-centri- 


Substrate: Normal plasma 


Sediment 


Substrate: Fibrinogen 


Supernatant | Sediment | Supernatant 


fuged mixture was tested in different di 
tions. In dilution 1:6 the clotting time wa 

17.6 seconds. From this. it was calculate 
that about 95 per cent of the cephalin pat 
ticles were sedimented. Thus, when cephali 
is used in the production of intrinsic pré 
thrombinase, they are both sedimented to 
comparable degree. Whether cephalin | 
chemically involved in the complex or act 
by the physical property of its particle siz 
is not known. 


| 


— 


SUMMARY 


Intrinsic protrombinase is prepared wit 
serum, adsorbed plasma containing onl 
traces of fibrinogen, proaccelerin reagen 
calcium and platelet suspension or cephali 
Intrinsic prothrombinase is sedimented to 
very high and about equal degree in bot 
instances and is thus bound to particles. Tl 
sedimentation seems to run parallel to thi 
of cephalin, suggesting that intrinsic pr 
thrombinase may be bound to the cephal 
particles, which seem to be equivalent to dl 
platelet granules. 


i 
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In the intrinsic blood clotting system at 
least eight clotting factors participate in the 
production of the prothrombin conversion 
principle (intrinsic prothrombinase, blood 
thromboplastin). They are the Hageman 
factor, the antihemophilic C factor (P.T.A.), 
factor V (proaccelerin), factor VIII (anti- 
hemophilic A factor), factor IX (antihemo- 
philic B factor), factor X (the Stuart factor), 
the platelet lipoid factor, and calcium. It is 
unlikely that all these factors react simul- 
taneously, more probably the reactions occur 
stepwise. 

The initial reaction on contact with for- 
eign surface has recently been investigated 


by Margolis (1957), Ratnoff & Rosenblum. 


(1957), Soulier, Wartelle & Meénaché 
(1958), Biggs, Sharp, Margolis, Hardisty & 
Stewart (1958), and Waaler (1959). There 
is general agreement that the Hageman fac- 
tor and the antihemophilic C factor are in- 
volved in this reaction, although the views 
as to the mode of reaction differ. 

Waaler observed that all normal and ab- 


7 
; 
normal plasmas, except the Hageman | 
ficient and the antihemophilic C factor d 
ficient plasmas, clotted more rapidly . 
shaking with celite, glass beads or quat 
powder. He showed that an active princi 
“the activation product”, was formed durit 
this procedure. The activation product w 
firmly fixed to the powder used for ool 
tion, and its activity was not significant 
reduced by repeated washings. It was stab 
for months on storage at —20° C. He co 
cluded that the Hageman factor and the ani 
hemophilic C factor are probably both 
some way incorporated in this product. T 
product does not contain calcium. 
Activation product is the starting point f 
the subsequent intermediate reactions. Io 
ized calcium is needed at least for some 
these reactions. It is conceivable that 
reactions take place on the surface of t 
particles which carry the activation produ 
If so, the intermediates may either be 1 
leased from the particles, or continue to sti 
to the surface as coatings. The last po: 
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lity suggests a means for the isolation and 
idy of intermediates, since the coated part- 
es may easily be separated at any stage in 
e chain of reactions. The present invest- 
ution is a study along this line of approach. 
similar approach has been fruitful in the 
idy of intermediates in the extrinsic clot- 
ig system (Hjort 1957). However, the re- 
Its show that the particles coated by activ- 
on product do not behave as nucleus for 
atings by successive intermediates in the 
Tinsic clotting system. 


MATERIALS AND METHODS 
Activation product was prepared by the method 
cribed by Waaler (1959). Normal oxalated 
man plasma adsorbed with barium sulphate, 100 
- per ml of plasma was used for activation. 
e adsorbed plasma was shaken with 1/4 the 
mme of celite. The powder was removed by 
itrifugation, washed three times with buffer- 
ine and resuspended in the original plasma 
ume of buffer-saline. The reagent was stored 
aid frozen at —20° C. It contains small amounts 
factor V and VIII. Unless otherwise stated, 
$ reagent was used as the source of activation 
duct. 

Buffer. A modified veronal buffer (pH 7.35 and 
ic strength 0.154) was used (Owren 1947). 
Buffer-saline. A mixture of one part of buffer 
| nine parts of saline was used. 

Calcium chloride 30 mM. 

Celite powder. Speedex, which is amorphous 
tomaceous SiOz from Dicalitte Divisions, Great 
kes Carbon Corp., New York was used. 
Cephalin. A crude cephalin suspension was pre- 
ed from human brain as described by Hjort, 
paport & Owren (1955). A 1:200 dilution in 
fer of this stock suspension was used. 
Dilution fluid II was prepared as described by 
ort et al. (1955). 

Fibrinogen. Bovine fibrinogen was prepared by 
method of Kekwick & MacKay (1954). It 


3 stored at —20° C. 


2ief 


Flasma. 


a) Normal citrated human plasma. Blood was 
collected in one tenth volume of 3.13 gm per cent 
sodium citrate dihydrate and centrifuged for 30 
minutes at 2,500 r.p.m. The plasma was stored at 
—20° C. 

b) Exhausted human plasma was prepared ac- 
cording to the method of Waaler (1959). Plasma 
was shaken with celite powder. The powder was 
removed by centrifugation and the activated plasma 
stored at 37°C for 5—6 hours. This procedure 
inactivates the activation product, and the plasma 
is thus “exhausted” as regards this product. The 
other clotting factors are present in normal amounts 
except for a moderate reduction of factors V and 
VIII. 

c) Adsorbed oxalated bovine plasma. Whole 
blood was collected in one tenth volume of 2.5 per 
cent potassium oxalate monohydrate and centri- 
fuged for 30 minutes at 2,500 r.p.m.. The plasma 
was adsorbed with 100mg of barium sulphate per 
ml of plasma for 5 minutes at room temperature 
and centrifuged for 30 minutes at 2,500 r.p.m. 
The plasma was dialyzed overnight against saline 
and stored at —20° C. In some experiments exhaus- 
ted plasma of this batch was used. The adsorbed 
dialyzed plasma was then adjusted to pH 7.35 and 
activated with 1/4 the volume of celite. After 
centrifugation the supernatant plasma was kept at 
37° C for 5 hours. It was then stored at —20° C. 

d) Barium sulphate + aluminum hydroxide ad- 
senbed bovine plasma was prepared according to 
a method described by Wagner et al. (1957). One 
ml of barium sulphate adsorbed plasma was ad- 
sorbed with 0.3 ml of aluminum hydroxide gel. 
The object is to nemove fibrinogen without materi- 
ally reducing the content of factor VIII. Factor V 
is considerably reduced in this reagent. In some 
experiments, this plasma was also exhausted be- 
fore adsorption with aluminum hydroxide. 

Proaccelerin reagent was prepared according 
to the method of Owren (1947). It contains small 
amounts of factor VIII. 

Serum was prepared by the method described 
by Waaler (1959). In some experiments exhausted 
serum was used. It was prepared in the same way 
as that described for adsorbed bovine plasma. 
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Thromboplastin serum was prepared according 
to the method described by Hjort (1957). Normal 
human blood is clotted im the presenice of brain 
thromboplastin, three volume per cent. Thrombo- 
plastiim is removed by centrifugation at 40,000 r.p.m. 
for 60 minutes. The content of prothrombin in this 
serum is below one per cent. The other serum 
clotting factors are unchanged, compared to serum 
prepared without the additiom of brain thrombo- 
plastin. Assay of factor X was performed by Dr. 
C. L. Johnston, Jr. in our laboratory, using fac- 
tor X deficient plasma from R. Stuart as substrate. 
This plasma was kindly sent us in lyophilized samp- 
les by Dr. John B. Graham, University of North 
Carolina School of Medicine,.Chapel Hill, N. C., 
We Se AY 


Incubation and clotting cxperiments are deseri- 
bed in the appropriate tables. 


RESULTS 


Incubation experiments with activation pro- 
duct and groups of clotting factors. 


1) Serum and calcium chloride. 


Table I shows that incubation with calci- 
um chloride alone does not increase the ac- 
tivity of the activation product. 

A moderately increased activity develops 
when activation product is incubated with 
serum in the absence of calcium. A smaller 
increase is noted when exhausted serum is 
used. The higher activity attained with serum 
as compared with exhausted serum must be 
due to the different amounts of activation 
product in these sera. 

The increased activity observed when 
calcium is present during incubation may be 
due to the formation of intermediates, poss- 
ibly thrombin. The minute amounts of fac- 
tors V and VIII in the activated celite pow- 
der may be responsible for the formation of 
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Table I. Incubation of stored serum ane 
activation product. 


Clotting time in secs, 


Activation product 


incubated with: aT eae 


Dilution fluid II 
Dilution fluid IJ + 


eee ee 


calcium chloride.... 77.5 
Stored serum + 

buffer-saline ....... 54.6 
Stored serum + 

calcium chloride.... 43.5 
Stored exhausted serum 

+ buffer-saline .... 63.1 
Stored exhausted serum 

-- calcium chloride . 51.4 


Incubation mixture: 1 ml activated celite suspen 
sion +1 ml of serum diluted 1:5 in dilution flu 
II +1 ml of calcium chloride 30 mM or 1 mle 
buffer-saline. The mixture was incubated at 37°C 
for 12 minutes. The powder was removed by centri 
fugation at 3,000 r.p.m. for 10 minutes. The supet 
natant was pipetted off. The powder was suspende 
in 1 ml buffer-saline, and both were immediatel 
tested in the following system: 0.2 ml exhauste 
plasma -+-0.2 ml cephalin suspension 1:200 +0.2 © 
test material +-0.2 ml calcium chloride 30 mM. TI 
first two reagents were preincubated for 6 minut 
at 37° C. The prewarmed solution of calcium chic 
ride was added followed within 5 seconds by th 
prewarmed test material and the stopwatch startet 

The formation of a solid clot was registered. 


intrinsic prothrombinase, which converts th 
small amounts of prothrombin in serum t 
thrombin. If non-adsorbed plasma was u 
for the activation with celite, the powder w 
contaminated with minute amounts of pi 
thrombin. On incubation with serum a 
calcium a much more pronounced increase 
activity was observed than noted in Table 
This is shown in Table II. This increase 
activity was shown to be due partly, may 
entirely, to thrombin. Even when —— 
| 


INTRINSIC PROTHROMBINASE 


te prepared from the plasma of a patient 
h severe hemophilia A was used in the 
yeriment, thrombin was. still formed. 
ble II shows that the hemophilia B plas- 
is far from corrected to the same level as 
mal plasma. This speaks against any in- 
mediate reaction taking place between 
ivation product, factor IX and calcium. 

[To evaluate the influence of thrombin in 
experiments presented in Table I, throm- 
lastin serum was used. thus reducing pro- 
ombin to the lowest level possible. Table 


ible Il. Incubation of stored serum and 
ictivation product prepared from non- 
adsorbed plasma. 


- Clotting time in secs. 
‘tivation product 


ncubated with: Normal Hemophilia 
plasma B plasma 

ution fluid II + | 

ium chloride... 50 151.8 

red serum + 

ium chloride... 29.9 81.3 


> sediment was tested against normal plasma 
plasma from a patient with hemophilia B. The 
cedure was otherwise as described in Table I. 


ble III. Incubation of thromboplastin 
serum with activation product. 


Activation product Clotting time in secs. 


incubated with: 


Sediment | Supernatant 


ution fluid IT + 
alcium chloride.... 
red exhausted 
-omboplastin serum 
- buffer-saline .. 
red exhausted 
-omboplastin serum 
- calcium chloride . 


The procedure was as described in Table I. 


PAS) 


Table IV. Incubation of thromboplastin 
serum and cephalin with activation product. 


Activation product 
incubated with calcium 
chloride and: 


Clotting time of 
sediment in secs. 


Dilution fluid II + cephalin . 89.1 
Thromboplastin serum 

+ buffer-saline .......... 52.8 
Thromboplastin serum 

== Gephalitien. cae cet SU ere! 


Incubation mixture: 1 ml activated celite suspension 
-++1 ml thromboplastin serum diluted 1:5 in dilution 
fluid II (or 1 ml of dilution fluid II) +1 ml cephalin 
suspension 1:200 +1 ml calcium chloride 30 mM. 


_ The procedure was further as described in Table I. 


The test system was the same. 


III shows that thromboplastin serum and 
calcium do not increase the activity beyond 
that of the non-calcified mixture. It may 
thus be concluded that no intermediate re- 
action takes place when activation product 
is incubated with calcium and the serum 
clotting factors. 


2) Serum, calcium chloride and cephalin. 


Table [V shows that the addition of cepha- 
lin to an incubation mixture of activation 
product, serum and calcium has no influence. 


3) <Adsorbed bovine plasma and calcium 
chloride. 

Table V_ shows that no increased activity 
is obtained on recalcification of a mixture of 
activation product and adsorbed bovine plas- 
ma. As the activated celite is contaminated 
with small amounts of factor VIII, a possible 
intermediate reaction involving this factor 
might be concealed in this experiment. 
Therefore a similar experiment was carried 
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out with activation product prepared from 
adsorbed hemophilia A plasma. Table VI 
shows that no increased activity develops on 


Table V. Incubation of activation pro- 
duct with adsorbed bovine plasma. 


Activation product | Clotting time in secs. 


incubated with: Sediment | Supernatant 


Dilution fluid II + 


calcium chloride... . 85.2 149.7 
Adsorbed plasma ++ 

buffer-saline ....... 58.2 132.9 
Adsorbed plasma + 

calcium chloride.... Bien 139.1 
Adsorbed exhausted 

plasma + 

buffer-saline ....... 67.2 135.4 
Adsorbed exhausted 

plasma + 

calcium chloride.... 64.4 135.6 


Incubation procedure was as described in Table I. 
Adsorbed bovine plasma was diluted 1:5 in dilution 
fluid II. The test system was as described in 
Table I. 


Table VI. Incubation of adsorbed bovine 
plasma, calcium chloride, and activation pro- 
duct, prepared from hemophilia A plasma. 


Clotting time in secs. 


Activitation product 
incubated with: Hemophilia 


A plasma 


Dilution fluid II + 
calcium chloride.... 

Adsorbed. bovine 
plasma 


243.0 


+ buffer saline..... 45.2 112.0 
Asorbed bovine 

plasma 

+ calcium chloride 44.0 112.6 


Adsorbed bovine plasma was diluted 1:5 in dilution 

fluid II. The procedure was as described in Table I. 

The test system was the same except that normal 

and hemophilia A plasmas taken with silicone tech- 
nique were used as substrate. 
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recalcification. Thus, no intermediate rf 
action takes place between activation 
duct factor V, factor VIII and calcium. 


4) Adsorbed bovine calewm 
chloride and cephalin. 

No reaction could be demonstrated wh 
these reagents were incubated, as appea 
from Table VII. } 


5) Serum, adsorbed bovine plasma, ce 
lin and calcium chloride. H 
Table VIII shows the effect of increasit 
amounts of celite on the formation and a 
sorption of intrinsic prothrombinase. 4 


plasma, 


Table VII. Incubation of activation | 
duct, adsorbed bovine plasma and cephah 


Activation product 
incubated with 
calcium chloride and: 


Clotting time 
in cecs. 


Dilution fluid II 

+ buffer-saline .......... 
Absorbed bovine plasma 

+ buffer-saline ........., 
Absorbed bovine plasma 

a= cephalins.. 42s tas cer oe 


. 
: 
83 
; 
| 


The procedure was as described in Table IV. A 
sorbed bovine plasma was diluted 1:5 in diluti 
fluid II. The test system was the same. 


amount of celite above 1/20 the total a 
of the incubation mixture inhibited the ft 
mation of intrinsic prothombinase. With 
creasing amounts of celite the formation ¥ 
stable. The activity was then highest in 
supernatant because celite was not avail 
in sufficient amounts for adsorption. | 


The suspension of sediment with a 
{ 
| 
i 


activity clots fibrinogen in 150—180 
conds. If thromboplastin serum is used, 
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ys 


ble VIII. The influence of celite on the 
wmation of intrinsic prothrombinase. 


Amount of celite 


Clotting time in secs. 
Volume celite 


Volume buffer Sediment | Supernatant 
Dia 16.0 54.4 
1/2 9.0 22.4 
1/5 7.8 11.4 
1/8 9.6 9.8 
1/16 12.0 9.6 
1/32 14.2 8.8 
1/64 17.6 8.8 


insic prothrombinase was prepared by incubat- 
1 ml barium sulphate-aluminum hydroxide ad- 
ed bovine plasma diluted 1:5 in dilution fluid II 
2 ml proaccelerin reagent +1 ml cephalin sus- 
ion 1:200 +1 ml suspension of celite listed in 
mn 1. The mixture was prewarmed to 37° C. and 
| calcium chloride 30 mM was added. The incu- 
on. was kept on for 10 minutes, and the mixture 
then centrifuged at 3,000 r.p.m. for 10 minutes. 
supernatant was pipetted off, the sediment sus- 
led in 1 ml buffer-saline, and both were tested 
he following system: 0.2 ml normal citrated 
ma -+0.2 ml buffer-saline +0.2 ml calcium 
ride 30 mM. +0.2 ml test material. The first 
reagents were preincubated for 3 minutes at 
C. Calcium chloride was added followed within 
conds by the test material and the stopwatch 
started. 


vity of the sediment is nearly unchanged 
sus normal plasma, while it takes nearly 
-an hour to clot fibrinogen (Table IX). 
is, the high activity must be due to in- 
sic prothrombinase and not to thrombin. 
» binding to the celite powder is loose. 
: activity is substantially reduced by one 
hing. 

s intrinsic prothrombinase built up on the 
vated surface of the celite particle, or is 
rmed in the solution and then adsorbed? 
test this, activated celite was compared 


to non-activated celite in the incubation mix- 
ture. Table X shows that the activated celite 
carries a lower activity leaving more in the 
supernatant as compared with non-activated 
celite. This probably means that less intrin- 
sic prothrombinase can be adsorbed because 
the adsorptive sites on the celite particle are 
blocked by the activation product. The block- 
ing might be due to other substances ad- 


Table IX. The adsorption of intrinsic pro- 
thrombinase and thrombin by celite using 
thromboplastin serum in the test. 


‘ Clotting time 
Sediment suspended 
in buffer-saline Normal 


plasma 


| Fibrinogen 


27 minutes 
28.5 minutes 


8.1 secs. 
6.0 secs. 


B. 


or 
wn 
B. 


The incubation mixture was the same as in Table 
VIII, except that thromboplastin serum was used. 
It was diluted 1:10 in dilution fluid IJ. The sus- 
pension of celite added was 1:4, 1 ml. Two tests 
were run simultaneously. In one the sediment was 
suspended in 1 ml of buffer-saline, in the other 0.5 
ml. The test system for thrombin was: 0.2 ml fibri- 
nogen +-0.2 ml buffer-saline +-0.2 ml test material. 


Table X. The behavior of activated and 
non-activated celite during formation of in- 
trinsic prothrombinase, using activated 
reagents. 


’ Clotting time in secs. 
Type of celite 


Sediment Suerpnatant 


8.3 


Activated ........ ' 
19.7 


Non-activated..... 


The procedure was as described in Table VIII. 
Celite was used in suspension 1:4, 1 ml. 
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Table XI. The influence of the amount of 
activation product in the celite suspension on 
the adsorption of intrinsic prothrombinase. 


Type of celite 
powder 


| Clotting time in secs. 


Sediment | Supernatant 


Activated with normal 

adsorbed human 

PIASINIA Serois. ee ous ceore 14.4 10.3 
Activated as above and 

stored for 24 hrs. at 

SIP 1 OF ee BAUS ee 9.3 11.1 
«Activated» with 

exhausted adsorbed 

human plasma ..... 8.2 eZ 
Non-activated........ 7A 17.4 


The incubation mixture and test system were as 
described in Table VIII. The celite suspensions in 
column 1 were 1:4, 1 ml. 


sorbed in small amounts from the plasma. 
The results of the experiments shown in 
Table XI, however, support the view that 
the activation product is the substance re- 
sponcible. 

In the experiments presented in Tables 
VIII—XI, activation product is present both 
in the serum and plasma reagent and partly 


on the celite powder, in excess. an 


prothrombinase might be formed both in 

solution followed by adsorption and on f 
activated powder by stepwise building 
To test what mode of action was taki 
place or essentially preferred, exhaust 
plasma and serum reagents were used in f 
test. Activated celite was the essential sout 
of activation product. Table XII shows th 
the intrinsic prothrombinase activity on ft 
powder is higher when exhausted reaget 
are used as compared with activated 1 


agents. In the supernatant the reverse 
found. This can be explained in the way tt 
activation product is removed from the st 
face of the particles into the solution whe 
it reacts with other components to form 1 
trinsic prothrombinase, which is then a 
sorbed to the powder, where more a 
sorptive sites are now available. 


—— 


DISCUSSION 


The activation product is the first inte 
mediate in the intrinsic blood clotting 5 
tem. It can be firmly bound to the cel 
particle, and this activated particle Ww 


Table XII. The distribution of intrinsic prothrombinase and 
thrombin between sediment and supernatant using activated celite 
and different amounts of activation product in the serum reagent. 


| Clotting time in secs. 


Type of serum Fibrinogen 


Normal plasma / 


Sediment | Supernatant | Sediment | Supernatant 


Exhausted...... 
Activated ...... 


16 minutes 
16 minutes 


Barium sulphate-aluminum hydroxide adsorbed bovine plasma and pro-_ 


accelerin reagent were exhausted. The procedure was as described in 
Table VIII. The test systems were as described in Table VIII and IX. 
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refore used as a presumptive anchor 
nt for succeeding intermediates in the 


sent investigations. Activation product is. 


med in the absence of calcium, but cal- 
m is needed during the following re- 
ions. 

Phe clotting factors in serum which are 
ded for the reactions in the intrinsic sys- 
1 are factors IX and X and possibly the 
phase accelerator of Fisch (PPA). No 
ction seemed to occur between these 
tors and the activation product in the pre- 
ice of calcium. Addition of cephalin to the 
xture had no effect. 

Neither could a reaction be demonstrated 
en adsorbed plasma, containing factors V 
1 VIII, was incubated with the activation 
duct, calcium and cephalin. 

This is in accordance with the findings of 
rgsagel & Hougie (1956). They used 
telet granules as carrier for possible in- 
mediates, which could then be centrifuged 
t at high speed centrifugation. Serum, 
tor V or antihemophilic globulin sepa- 
ely incubated with calcium and platelets 
re essentially inactive. In the light of pre- 
it knowledge we may sag that the activation 
\duct was present in their reagents. Both 
ite ant platelet-granules are of particulate 
ture. But the lipoids of the platelet granu- 
are probably chemically involved at some 
ge in the chain of reactions related to the 
rinsic blood clotting system, while the 
ite particle itself is intert in this respect. 
e activated celite particle is located at one 
1 of the chain, the lipoid particle more to- 
rds the centre or the other end. 


For intermediate reactions to occur, both 
um farctor(s) and factor(s) from ad- 
bed plasma must be present. When these 


factors are available together with cephalin 
and intrinsic prothrombinase is 
formed. Intrinsic prothrombinase is pro- 
bably itself of particulate nature, but it needs 
a higher centrifugal force than the celite 
particle to be sedimented. The experiments 
show that intrinsic prothrombinase is loosely 
adsorbed to celite. If the celite particle is 


calcium, 


activated, it holds less intrinsic prothrom- 
binase than in the inactive state, provided 
the other reagents contain the activation 
product. This probably means that the inter- 
mediate reactions following the formation 
of the activation product preferrably take 
place outside the celite particle and that 
formed intrinsic prothrombinase occupies 
adsorptive sites on the particle, where acti- 
vation product is not present. The exper- 
iments with activated celite and exhausted 
reagents seem to show that the activation 
product is released from the particle into the 
surrounding solution where it reacts to form 
intrinsic prothrombinase which is then ad- 
sorbed. Thus the activated celite particle 
cannot be used as a nucleus for the building 
up of intrinsic prothrombinase or inter- 
mediates firmly fixed to the particle as the | 
activation product itself. 


These investigations have not thrown light 
on the sequence of factors or the mode of 
their interactions in the intrinsic blood clot- 
ting system. Important advances in this field 
can probably not be achieved before the 
clotting factors are isolated in a much more 
purified form than is possible today. Com- 
plete elimination of prothrombin is highly 
desirable. Contamination with even small 
amounts of this factor has been a most dis- 
turbing complication in the present exper- 


iments. 
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SUMMARY 

The possibility of isolating intermediates 
in the intrinsic blood clotting system by in- 
cubating activated celite powder with groups 
of clotting factors is investigated. 

No reaction was detected between activa- 
tion product, serum, cephalin, and calcium. 
Neither was adsorbed plasma when substi- 
tuting serum effective. Reactions started 
when serum and adsorbed plasma were both 
present. Intrinsic prothrombinase was then 
formed. 

Intrinsic prothrombinase is loosely ad- 
sorbed to celite. The amount adsorbed to 
non-activated celite is higher than that ad- 
sorbed to an equal amount of activated celite. 

Evidence is presented that activation pro- 
duct is removed from the particle surface 
before it takes part in the subsequent re- 
actions with other clotting factors. There- 
fore it is not likely that intermediates are 
bound to the activated surface, and thus 
they cannot be isolated in this way. 
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\ number of different methods are avail- _ 


> for the determination of barbiturates in 
logical material. The procedures currently 
d are based on the ultraviolet absorption 
these compounds (Broughton, 1956; 
auld & Hine, 1949; Goldbaum, 1952; 
is, 1950; Richterich, 1958). Other meth- 
suggested but applied only to a limited 
ent are gravimetric analysis (Fleury, 
5), colorimetric procedures using com- 
inds of barbiturates with certain metal 
s (Koppanyi, Dille, Murphy & Krop, 
4; Zwicker, 1931), indirect determination 
the metal component in barbiturate-metal 
ylexes (Bjorling, Berggren, Willman- 
msson, Gronwall & Zaar, 1958; Pfeil & 
dbach, 1955), and infrared spectrophoto- 
ric analysis (Levi & Hubley, 1956). 
ase last mentioned procedures have not 
n used more extensively because of their 
tiority in specificity and sensitivity when 
y are compared with ultraviolet adsorp- 
1 methods. Although the ultraviolet meth- 
in most respects satisfy high demands, 
y have certain limitations that present 
nselves, especially at determinations of 
concentrations. 


Investigations have been carried out to 
develop a micro method that enables detec- 
tion of very small amounts of barbiturates in 
biological material. For this purpose, the 
ability of these compounds to form com- 
plexes with certain metals has been invest- 
igated (Bjérling et al., 1958) ; and the meth- 
od described in this paper is based on the 
results thereof. In earlier methods, the com- 
plexes with copper or cobalt were used, but 
no real micro method was published until 
Pfeil & Goldbach’s paper in 1955. Their 
method, however, is worked out for analysis 
of water solutions; and the metal-compound 
formed has qualities other than those de- 
scribed in the present paper. 


Principle 

Barbiturates are extracted with ether from 
serum absorbed in filter paper. The isolated 
barbiturate will react at slightly alkaline pH 
with a mercury(II) salt, and the complex 
formed is isolated from excessive mercury 
(II) by extraction with chloroform. The 
amount of mercury in the complex is deter- 
mined with dithizone. 
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METHOD 
Material 


Test tubes 150x 20mm with ground stoppers. 
Pipettes 1, 4, 5, and 10 ml. 

Funnels. 

Strips of filter paper 100x 25mm, Whatman 
No. 1, washed with ether. 

Filter paper Munktell No. 00, diameter 3.5 cm. 


Ieagents 

A. R. grade reagents are used. 

Chloroform. 

Ether. 

Mercuric-bicarbonate solution: 0.50 g Hg(NOg)e 
is dissolved in 50 ml dist. water and a few drops 
of conc. HNO: are added. 1 ml of this solution is 
diluted with 50 ml 0.1 M NaHCOs. The solution 
is filtered to remove any precipitate formed. 

Dithizone solution: 32mg dithizone is dissolved 
in 1000 ml chloroform. 


Procedure 

The analysis is carried out om 1 ml serum or 
plasma. As reagent blank, 1 ml distilled water is 
taken and it passes all steps of analysis together 
with the sample. The serum is applied on four 
rolled-up filter paper strips placed in a test tube 
with ground stopper. 10ml ether is added, and 
the extraction is carried out by turning the tube 
up and down for 30 seconds. Violent shaking should 
be avoided. The ether fraction is poured into an- 
other test tube and the extraction is repeated with 
a new portion of 10ml ether. The ether fraction 
is evaporated to dryness in a water bath of ap- 
proximately 50° C. It is better to evaporate after 
each extraction in order to avoid bumping of the 
solution and risking the loss of material. The 
residue im the tube is dissolved in 5 ml chloroform; 
0.5 ml mercuric-bicarbonate solution is added; and 
the tube is stoppened and shaken for 1/2—1 minute. 
After the separation of the phases, the chloroform 
layer is removed by a pipette and filtered through 
a Munktell No. 00 filter paper. For the colori- 
metric determination, 4ml of the filtrate are talen 


and 1m dithizone solution is added. In the p 
sence of mercury-barbiturate, the color is chang 
from emerald-green to orange, depending on 1 
amount of mercury(II) present. The absorba 
is read in 1cm cell at 605 my against chlorofos 
The extinction difference between the reagent bla 
and the sample is a function of the barbitur. 
concentration; the numeric value of which is fou 
from a standard curve made on known soluti 
Alternatively, the extinction difference can be | 
tained directly by zero-balancing the instrum 
with the sample and reading the absorbance of | 
blank. If the concentration of mercury in the 
tion is so high that all dithizone is consumed, 
will be evident from the pure orange color of : 
sample without any greenish-gray hue, al 
zone solution and 4ml chloroform are add 
such a case the obtained concentration of 
turate is multiplied by. two. 


DISCUSSION 


Extraction of barbiturates from serum 

In most methods chloroform is used 
extraction of barbiturates from serum, © 
a number of investigations have been pu 
shed concerning the recovery of barbit 
and the optimum conditions when using t 
solvent (Lous, 1950; Dybing, 1955; Hi 
dorff, 1955). In the present method, é 
has been chosen because of its lower bo 
point and because of the more favor 
distribution coefficient of barbiturates 
ether as compared with chloroform. 

The distribution ratio D for some bat 
turates between ether and aqueous bul 
solution of pH 7.4 has been determined. 1 
isoamyl-ethyl-barbituric acid, D = 33.85, 
phenyl-ethyl-barbituric acid, D=8.9; and 
diethyl-barbituric acid, D—= 3.9. Dietl 
barbituric acid is extracted to 97 per cen 
the volume relation between ether- ; 
water-phases is 10 to 1. 
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n normal serum and plasma, there can 
ur ether or chloroform extractable or- 
ic compounds which react with mercuric 
s thereby giving a certain blank value. It 
ms possible to reduce this interference 
absorption of serum in filter paper before 
raction and this even facilitates the ex- 
‘tion procedure. Two extractions with 10 
ether each are sufficient for quantitative 
overy of barbiturates. 


‘mation and extraction of mercury- 
biturate complexes 


‘he mercury(II)-barbiturate complexes 
e not been thoroughly investigated, but 
y can exist in more than one form de- 
ding on the pH at which they are formed. 
the reaction between mercury(II) and 
biturates takes place in acid solution, a 
cipitate is formed which is insoluble in 
anic solvents. This phenomenon has earl- 
been utilized for the determination of 
biturates in Pfeil & Goldbach’s method. 
the other hand, if the reaction proceeds 
slightly alkaline solution, a complex is 
ned which can be extracted with chloro- 
n and some other organic solvents. This 
iplex formation and its extraction can 
ceed within quite a broad pH range, ap- 
ximately from pH 7 to 11 (Bjorling, 
geren & Willman-Johnsson, 1959). For 
optimum recovery at extraction, however, 
concentration of water and chloroform 
st be kept within certain ranges. Fig. 1 
ws the influence of the mercuric ion con- 
tration on extraction of diallyl-barbituric 
|. A large excess of mercury(II) has an 
bitory effect on the extraction of small 
yunts of barbiturates. A certain difference 
havior between various barbiturates can 


100 


a 
i=) 


Per cent extracted 


1 2 3 4 
Diallylbarbituric acid sig/ml 


Fig. 1. The influence of mercury ion concentration 
in the water phase on the extraction of the diallyl- 
barbituric acid-mercury complex with 5.mi chloro- 
form. 


1. 400 wg Hg in 0.5m! borate-phosphate buffer 
pH 8.0 

2. 40ugHg in 0.5ml borate-phosphate buffer 
pH 8.0 

3. 43 ug Hg in 0.5ml 0.1 M NaHCOs3 


be observed. For example, the extraction of 
amyl-ethyl-barbituric acid and of neopen- 
thyl-allyl-barbituric acid is constant even 
at high mercury(II) concentrations (up to 
200 pg/ml). The distribution ratio of differ- 
ent barbiturates is, however, variable. Barbi- 
turates with long alkylchains, neopenthyl- 
allyl-barbituric acid for example, are com- 
pletely extracted after one single treatment, 
whereas diethyl-barbituric acid is extracted 
only to 70 per cent (the volumes of the 
aqueous and chloroform phases being 0.5 and 
10 ml respectively). 
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The determination of mercury in the 
barbiturate complex 


A 1.25 10-4 M _ dithizone solution is 
used as reagent for determination of mercury 
(II). To a suitable volume of the filtered 
chloroform extract, dithizone is added in 
relation 4 to 1. The determination is carried 
out indirectly by measuring at 605 mu, with 
pure chloroform as reference, the amount of 
dithizone not consumed in the reaction. The 
extinction difference between the reagent 
blank and the sample is a function of the 
mercury content and consequently of the 
barbiturate concentration in the sample. 
Working with the dilution described above, 
and using a dithizone solution of 32 mg in 
1000 ml chloroform, the extinction of the 
blank in 1 cm cell is about 0.8. This enables 
the determination of mercury concentrations 
up to 2 ug/ml. If the concentration of mer- 
cury in the sample exceeds this limit, more 
dithizone and chloroform are added. The ac- 
tual content will be directly proportional to 
dilution. 


Specificity 

The analysis is disturbed by certain drugs, 
namely hydantoin derivates and 4-ethyl- 
4-methyl-2.6-dioxopiperidin (Malysol®). 
These compounds form complexes with 
mercury(II) similar to barbiturates. Inter- 
ference by other substances is negligible. The 
reaction is not disturbed by caffeine, theo- 
phyllin, dihydroxypropyltheophyllin, propyl- 
thiouracil, sulfonamide derivates, phenacetin, 
meprobamate, salicylic acid, urea, uric acid, 
and amino acids. Concerning the specificity 
of the method, see the publication of Bjor- 


1The authors are indebted to Docent Kurt Ska- 
gius who has put keto-evipal at their disposal. 
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ling et al., 1959. As for the ee 
barbiturates, some preliminary investiga 
have been made. If the cyclic structure 
the metabolite is intact and if only oxida 
in the side chain has taken place, it is f 
bable that they react with mercury (II 
however, the solubility and the optimt 
conditions for extraction can be changed. 
has been considered to be of interest to stu 
the behaviour of keto-evipal (cyclohexan- 
on13-yl)-1.5-dimethyl-barbituric acidt.It » 
found that this compound is extracted — 
ether and forms mercury(I1)-complex ink 
same manner as evipal. j 

r 


The application ofthe method for analy. 
of particular barbiturates - 


For accurate determination of particul 
barbiturates, a standard curve for ea 
derivative is necessary. The recovery 
mercury-barbiturate complexes when ext 
ting with chloroform varies according to t 
following table: 


5.5-diethyl-barbituric acid ..... 72 per ce 
5-phenyl-5-thyl-barvituric acid 90 per ce 
5.5-biallgl-barbituric acid ...... 86 per cé 
5-isoamyl-5-ethyl-barbituric ‘ 
acid idus acuneed te. eee 85 per cé 


Because the reproducibility is good af 
one extraction, no repeated treatment oug 
to be necessary; and the method will reti 
its rapidity and simplicity. 


, 


The error of the method has been ¢ 


culated by analysis of 63 serum ‘samples w 
known concentration of isoamyl-ethyl-b 


The error of the method 
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iric acid added, the concentrations varying 
n 0.25 to 2.04 mg/100 ml. In Fig. 2 the 
idard curve for this compound has been 
ted, the lines representing the + 2 o 
its. A concentration of 0.1 mg per 100 ml 
be determined with an accuracy of + 40 
cent, 1 mg per 100 ml with + 7 per cent, 
| 2 mg per 100 ml with+5 per cent. These 
jations are calculated for analysis of 1 ml 
im. In cases of barbiturate intoxications, 
volume of the sample can be reduced to 
ml, and barbiturate concentrations from 
to 12.5 mg per 100 ml can be estimated. 


SUMMARY 
\ micro method for determination of bar- 
irates in serum is described. The method 
vased on the extraction of barbiturates 
mn serum with ether, formation of chloro- 
n extractable mercury(II) complex in 
htly alkaline solution, and colorimetric 
rmination with dithizone of mercury 
) bound in the complex. 
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Fig. 2. Calibration curve (+20) for 5-isoamyl- 
5-ethyl barbituric acid in serum. 
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eroperative as well as_ postoperative 
jorrhage in spite of skilful operative 
nique is still a problem in prostatic sur- 
, and several ways have been employed 
recommended for reducing the blood 
(Goodyear & Beard, 1949), but the 
hanism of bleeding has not been known 
stly. A relation to fibrinolysis, however, 
ht be possible. 
ince detailed reviews of fibrinolytic acti- 
have been published recently (Astrup, 
6,a; Cooper, 1959) only the fundamen- 
shall be mentioned. 
ike the mechanism of blood coagulation, 
process of fibrinolysis is regulated by a 
plicated system of activating and in- 
tory agents. In the organism transfor- 
ion of the enzyme precursor (plasmino- 
), which is found in the euglobulin frac- 
of the blood, into the active protease 


This investigation was supported by grants to 
Tage Astrup, Copenhagen, from the Josiah 
y Jr. Foundation, New York, and from the 
onal Danish Association for Rheumatic Di- 
*S. 


(plasmin) may take place in two ways, 
namely a direct and an indirect one. The 
first of these consists of an interaction be- 
tween plasminogen and an activator, which 
can be released for instance from injured 
tissue. This process is primarily a local one 
and is considered to play a physiologic role 
in tissue repair and in the regulation of con- 
nective tissue formation (Astrup, 1955). By 
the second activation mechanism a_pro- 
activator in blood is changed to an activator 
under the influence of substances with so- 
called lysokinase effects. This process is 
general in character and can produce fibri- 
nolysis of variable degrees in the blood. 
The degree of plasminemia depends on the 
relative amounts of active and inhibitory 
agents. The exact nature and mode of action 
of the latter are not fully elucidated, but 
different types are known to exist (Jacobs- 
son, 1955). If the inhibitors are perfectly 
overcome, all plasminogen may be activated 
and a fulminant plasminemia, which is the 
consequence, may result in a break-down of 
the coagulation mechanism because of dis- 
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integration of plasma fibrinogen, prothrom- 
bin and platelets. If not recognized and 
treated, this state of hemorrhagic diathesis 
ends fatally in shock. 


The often protracted oozing or profuse 
bleeding from the prostatic fossa in trans- 
vesical prostatectomy, and at times the de- 
velopment of severe postoperative shock in 
spite of adequate replacement of the blood 
loss by transfusions of whole blood, might 
suggest local and sometimes also general 
processes induced by fibrinolytic activity, as 
local hemostasis is regulated by the balance 
between clot formation and _ fibrinolysis 
(Astrup, 1956, b) and general fibrinolytic 
activity may interfere with the coagulation 
ability. 

From a surgical point of view it should be 
important to know if tissue activator, releas- 
ed at the operation site as a result of tissue 
injury, in addition to local fibrinolysis might 
cause general fibrinolytic activity in the 
blood. 

Increased fibrinolytic activity in blood has 
been observed after different surgical proce- 
dures (Macfarlane, 1937; Macfarlane & 
Biggs, 1946; Mathey, Doumet, Soulier, Le 
Ballogh & Fayet, 1950; von Kaulla & Swan, 
1958) and in prostatic surgery after trans- 
vesical prostatectomy (Wendt, Perlick & 
Seyffarth, 1957) as well as in relation to 
transurethral resection of malignant and 
hyperplastic prostates (Scott, Matthews, 
Butterworth & Frommeyer, 1954; Lombar- 
do, 1957), but so far a simultaneous investi- 
gation of the fibrinolytic and thromboplastic 
properties of the enlarged prostate and of 
the amount of blood loss has not been publi- 
shed. 

The purpose of the present paper has been 


to investigate the fibrinolytic activit 
blood in relation to transvesical prosta 
tomy and to estimate the content of pl 
nogen activator and thromboplastic mater 
in hyperplastic prostatic tissue as well as” 
blood loss, the latter being used as an al 
tor of the balance between local clot forn 
tion and fibrinolysis. 


MATERIALS AND METHODS 


The investigation comprises 25 consecutive | 
statectomies in unselected cases of prostatic 
trophy without histologic evidence of mali; 


Operative technique. ~ 

The routine method of the department is a : 
stage transvesical adenomectomy under genler 
anesthesia. After enucleation of the enlarged p 
state arterial hemostasis is secured by ligature 
the vessels at the posterolateral vesico-prosta 
junction; packing of the prostatic fossa is 1 
made. A Foley urethral catheter with a 30 ml B 
loon is placed within the bladder, after which clost 
of the bladder in two layers with interrupted: sutul 
of catgut and a cystostomy catheter is left at 1 
top of the bladder for 48 hours. 

During andi after operation the blood loss 
replaced by transfusions of whole blood and 
operative bladder irrigation is perfonmed at int 
vals determined by the degree of bleeding. 

In the present investigation all operations 
done by the chief or associate chief im order 
secure as uniform and skilful operative == 
as possible with a minimum of traumatizing pro 
dures. 


V 


Substrate used for estimation of fibrinolytic activ 

The fibrinolytic activity of blood and tissues 1 
estimated by the fibrin plate method (Astrup 
Mitllertz, 1952). Since bovine fibrinogen conta 
plasminogen, the fibrin is lysed both by plas 
nogen activators and plasmin, but by heating 
fibrin plate for 45 minutes at 80°C the plas: 
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m is destroyed (Lassen, 1952) and the fibrin 
ts with plasmin only. Thus it is possible to 
niguish between activity of activators and of 
min. 


Md samples. 


itrated blood samples were taken the day before 
ation, some minutes before and after removal 
ae prostate and after this at different intervals 
he per- and postoperative period im order to 
blish a possible fluctuation of the fibrinolytic 
rity, the last sample being taken the next mor- 


ihe samples were immediately spun and the 
ma cooled to 0°.C or frozen at —20° C. All 
ples from the same patient were assayed in the 
° experiment in order that the activities could 
compared. 


stimation method. No exact quantitative me- 
is yet exist for estimating the single components 
he fibrinolytic system in blood separately, but 
- relative concentrations can be evaluated by 
fibrin plate method (Astrup & Rasmussen, 
yi. 

he plasma was assayed as whole plasma and 
in euglobulin solution obtained after dilution 
, Precipitation at pH 5.9 (with 1 per cent 
ic acid) and redissolution in the original volume. 
estimate also the content of proactivator and of 
minogen, streptokinase and urine activator were 
d to specimens of the euglobulin solution. Serial 
tons of the samples and various mixtures were 
ared and estimated on normal and heated fibrin. 
preparation of the samples before placing on 
m plates was made on ice-water bath because 
ve marked instability of the fibrinolytic agents 
lasma. 


ue saniples. 

or the estimation of fibrinolytic and thrombo- 
ic activity, tissue fragments were prepared 
the ‘‘surgical capsule” adherent to the remo- 
prostate, from solitary adenomas and nodular 
nternodular tissue. In some cases of diffuse 
w fibroadenomatosis a macroscopic separation 
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Fig. 1. Estimation of plasminogen activator in a 
hyperplastic prostate. 


Values recorded in a double logarithmic graph. 
Abscissa, concentration of solution in percentage 
of the stock solution; ordinate, fibrinolytic activity 
recorded as product of two diameters (mm) of the 
lysed zones on the fibrin plates (triplicates). In the 
examples A, B, and C the solutions had respec- 
tively 78, 42 and 29 per cent of the concentration 
of the standard solution. 


like this was not possible and a sample of the 
glandular tissue as a whole was taken. The samp- 
les were analysed at once or after storage at —20 C. 


Estimation of fibrinolytic activity. The concen- 
tration of plasminogen activator was estimated by 
the quantitative method of Astrup & Albrechtsen 
(1957). The sample was homogenized and the acti- 
vator extracted with 2 M KSCN. After precipi- 
tation at acid reaction (pH 1 with 1 N HCl) and 
redissolution, the activities of serial dilutions were 
estimated on normal fibrin and a dilution curve 
was recorded (Fig. 1). By interpolation upon a 
standard curve obtained simultaneously, the con- 
centration of activator was expressed in units of 
the standard preparation per gram fresh tissue. 


Estimation of thromboplastic activity. The con- 
tent of thromboplastic material was estimated as 
described by Astrup & Sjolin (1958) and Astrup 
et al. (1959). The tissue sample was homogenized 
with 0.9 per cent NaCl and the suspension stored 
at —20C for a few days. After thawing, retreat- 
ment in a homogenizer and filtration through cot- 
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Fig. 2. Fibrinolytic activity of whole plasma and of euglobulin in 4 patients under- 
going transvesical prostatectomy. 
Abscissa, time for obtaining the blood samples. Ordinate, fibrinolytic activity 


recorded as product of two perpendicular diameters (mm) of the lysed zones on 
the fibrin plates (triplicates). 


in patient IV the time of A indicates start of anesthesia, B enucleation of prostate 
and C closure of wound finished. 


FIBRINOLYSIS AND THROMBOPLASTIC ACTIVITY 


wool, serial dilutions were prepared and the 
ing times were estimated by recalcification of 
st system with fresh rabbit citrate plasma as a 
trate of high spontaneous recalcification time 
comparison the activity of a suspension of 
an brain was estimated simultaneously and the 
mboplastic activity of the tissue sample was 
essed as a fraction of this brain dilutiom curve. 


mation of blood loss. 

he blood aspirated during operation was meas- 
and the gauze serviettes were weighed. The 
yperative hemorrhage was estimated by spec- 
hotometric determination of the hemoglobin 
ant in 24-hour specimens of irrigation water 
of urine as long as bloodtinge was found. 


RESULTS 
‘molytic activity in blood. 


efore removal of the prostate the activity 
low and within normal range and no 
rence of anesthesia seemed to appear. 
+ enucleation, increased activities of both 
ma and euglobulin fraction could be 
onstrated. 

s shown in Fig. 2 the highest activities 
hole plasma and of euglobulin on normal 
n were found during the first two hours 
- enucleation and normal level had been 
hed next morning. A similar pattern was 
d when plasma and euglobulin were 
-d on heated fibrin, which reacts with 
min only. 

| Fig. 3 the activity of plasma and euglo- 
1 from another patient is recorded, the 
d samples having been taken at shorter 
vals and for a longer period. The highest 
case of activity was reached one hour 
- enucleation and normal level was not 
d until after 8 hours. 
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Estimations of the activity of euglobulin 
solutions with streptokinase and urine acti- 
vator added showed the content of proacti- 
vator and of plasminogen to be high in all 
cases. 

In all patients increased activities were 
demonstrated similar to those mentioned 
above. Since plasma samples obtained after 
removal of the prostate lysed both normal 
and heated fibrin, the effect of the inhibitory - 
agents in blood must have been overcome to 
a certain extent. This phenomenon, however, 
was not found in all cases, but only in those 
with high euglobulin activity. 


Fibrinolytic activity of hyperplastic 
prostatic tissue. 

The concentration of plasminogen acti- 
vator appears in Table I. 

The activator content was high in all parts 
of the prostates, but a considerable difference 
was found between the activity of the ‘“sur- 
gical capsule’”’ and the glandular tissues, as 
a very high average concentration of 824 
units occurred in the former and mean values 
of 395 and 446 units in the latter. Certainly 
the activator content in solitary adenomas 
and nodular or internodular tissue of the 


236 AA, LADEHOFF AND J. RASMUSSEN 


same prostate might differ, but the two mean material was large in both capsular ai 
values were almost identical. glandular tissues, but apparently individu 

Individual variations of activity could be variations as well as variations within i 
demonstrated as has been the case in invest- different parts of the same prostate (Fig. 4 
igations of other human tissues (Albrecht- b) were found. In a few cases (Fig. 4b, € 


sen, 1957; Ladehoff, 1960). an activity less than half of that of the br 
suspension was demonstrated, in most (I 
Thromboplastic activity of hyper- 4d) it was about equal to and in some (F 
plastic prostates. 4e, f) even higher than the latter. _ 
Examples illustrative of the following are Generally the dilution curves did n 
given in Figs. 4 and 5. parallel the brain curve completely, indi 


As a whole the content of thromboplastic ing qualitative differences. In most cases] 


Table I. Concentration of plasminogen activator in vari- 
ous sections of hyperplastic prostates. 


solitary |(inter)nodular| gland as 
adenoma tissue a whole 


«surgical 
capsule» 


weight (z) 


case 
of prostate 


OMNAUBRWNE 


10 25 1766 398 638 = 
11 40 1260 227 328 = 
12 25 744 = ye 300 
13 30 960 552 240 _ 
14 25 202 346 78 = 
15 35 1440 768 1200 = 
16 140 479 308 479 ae 
17 79 552 372 480 sh 
18 62 492 312 492 om 
19 40 696 204 432 — 
20 20 es a He 935 
21 30 456 108 408 = 
22 42 1020 446 586 = 
23 25 1500 648 =. st 
24 34 1555 219 320 on 
25 37 420 ae = | 428 

Average | 824 | 395 | 446 | 434 


The figures represent activator units per gram fresh tissue. 
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Fig. 4. Estimation of thromboplastic activity in different parts of 6 hyperplastic 
prostates. 


Abscissa, logarithm of concentration im percentage of stock solution. Ordinate, 
logarithm of clotting time (in sec.). 


A= “surgical capsule’. B = (inter)nodular tissue. D = glanduar tissue as a whole. 


es were somewhat steeper, maybe be- lengthening of clotting time conditional on 
e of inhibitory material in the brain dilution. 

ension, but the dilution curve of the In one case (Fig. 5a) trace of and in 
r usually had a straight run in contrast three cases (Fig. 5c, d, e) large amounts of 
hose of prostatic tissue. Another pro- agents inhibiting thromboplastic activity 
e explanation of the relatively lower acti- were found. This was also the case of the 
with increasing dilution is that the secretion squeezed from a prostate with large 
ing of the substrate plasma may be in- succulent glandular adenomas, while the 
iced by the high fibrinolytic activity of tissue samples showed no inhibitory effect 
prostate suspensions because of the (Fig. 5b). 
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Blood loss in transvesical prostatectomy. 
As will appear from Table II, the average 
total blood loss was 1040 ml, the majority 
of which took place during operation (579 
ml) and the rest of the first day (276 ml). 
After this time the bleeding was rather slight 
and usually had stopped after the 6th day. 
Two patients (cases 5 and 11) with 
particularly large blood loss of 3185 and 
3957 ml respectively will be reported in de- 
tail to illustrate two possible types of bleed- 
ing mechanisms. Pane 
In case 11 (Table II) the profuse per- and 


postoperative hemorrhage may be caused | 
a fibrinolytic hemorrhagic diathesis due 
the prostatectomy, the fibrinolytic activity 
blood still being high 4 hours after operats 
(Fig. 6). Moreover this was indicated 
abnormal bleeding from the perivesical t 
sue, bladder wound and skin incision aft 
enucleation. The hemorrhagic state ¢ ; | 
after transfusion of 3500 ml whole blood a 
local bleeding had stopped after the seco 
postoperative day. In the prostate the co 
tent of both plasminogen activator (Tabi 
and thromboplastic material (Fig. 4d) 
high. 


Table Il. Per- and postoperative blood loss (ml) in 25 transvesical 
prostatectomies. 


1 171 | 332 58 5 3 
2 670 | 230 21 6 8 
3 285 52 9 54 i 
4 422 | 350 47 12 29 
5 ihe || SHA We ret eke y 100 
6 587 |. 238 49 70 13 
7 635 180 30 = — 
8 407 147 1/39 47 36 
9 428 705 140 73 37 
10 640 31 If 11 — 
11 |2618 |1090 | 224 17 8 
12 496 | 148 182 98 11 
13 252 25 21 7, 9 
14 245 120 11 11 4 
i'5 682 158 19 11 a 
16 560 119 70 54 20 
17 370 | 485 51 65 21 
18 300 | 218 24 o 3 
19 587 35 6 7 5) 
20 294 | 374 24 11 7 
21 412 21 8 7 10 
22 990 | 470 71.| 166 77 
23 400 198 20 30 18 
24 938 80 D2 |e 51 10 
25 511 122 25 o | — 
ave- | 579 | 276 83 45 17 
Tage 


postoperative day 


582 
959 
404 
889 
| 3185 
973 
845 
848 
1471 
689 
3957 
948 
325 
398 
901 
863 
1024 
562 
640 
130. 
464 
1828 
675 
1166 
665 
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Fig. 5. Estimation of thromboplastic activity in 5 hyperplastic prostates containing 
inhibitory agents. 


Abscissa, ordinate and the letters of A, B, C, D as in Fig. 4. 


i case 5 (Table 1) an adenomatous pro- of the fibrinolytic activity in blood was de- 
of 230 g was removed, leaving a large monstrated. Probably the cause of pro- 
ty with “capsular” tissue of high fibrino- tracted bleeding (Table II) was mainly local 
activity (930 units/g) and a thrombo- and due to a high fibrinolytic and rather low 
ic activity of about 14 of the brain thromboplastic activity of the walls of a large 
ension (Fig. 5b). Only a short increase prostatic fossa. 
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Fig. 6. Abscissa and ordinate as in Fig. 2. 


DISCUSSION 


A high content of plasminogen activator 
is found in normal human prostatic tissue 
(Albrechtsen, 1957) and to some extent the 


fibrinolytic activity of seminal fluid is caused - 


by a stable plasminogen activator of the tis- 
sue type, probably originating from the pro- 
state (Rasmussen, Albrechtsen & Astrup, 
1957). The activity is not restricted to the 
prostate of fertile age, but has also been 
demonstrated at birth and in early em- 
bryonic life (Ladehoff, unpublished invest- 
igations). 

In tissue cultures of hyperplastic prostatic 
tissue the clot substrate was lysed by the 
glandular cells (Rohl, 1959) ; Kallén & Rohl, 
1960) and fibrinolytic activity has been de- 
monstrated in extracts of malignant pro- 
states and their metastases (Tagnon ef al., 
1953). The studies made by Rohl et al. are 
in accordance with the present investigation 
which showed a very high activator content 
in the “surgical capsule” and a somewhat 
lower in the glandular adenomas of hyper- 
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plastic prostates in old age. In relation 
this it should be mentioned that the “su 
gical capsule” consists of connective tiss 
and the compressed true prostate, displae 
peripherally by the hyperplasia of the pe 
urethral glands. 


Several reports on the thromboplas 
activity of different animal and human ¢ 
sues are available (Bernheim, 1910; Fisch 
1935; Neu, 1909; Reichel, 1942), baw 
far prostatic tissue has not been investig ate 
The present study of hyperplastic prostat 
showed a generally high, although individ 
ally variable, thromboplastic activity, but 
some cases inhibitory agents were found. : 
The individual variability of both fibrinoly 
and thromboplastic activity found in hype 
plastic prostatic tissue may influence t 
hemostasis in prostatic surgery. i 

Since part of the plasminogen activator 
less firmly bound to the tissue proteins (7 
brechtsen, 1958; Rasmussen e¢ al., 1957) 
may possibly enter the blood stream une 
certain conditions and convert plasminog 
into plasmin, causing increased fibrinoly 
in the circulating blood. 

Besides in non-operative cases of mé 
static cancer of the prostate (Aboulker, S¢ 
lier & Larrieu 1955; Balfour 1958-59; B 
gen & Schilling 1958; Crane, Ware & EF 
milton 1955; Dolaz, Dolehide & Friedma 
1955; Dossogne 1959; Ledent & De Gee 
1959; Marchal, Duhamel, Leroux, Nivet 
Samama 1959; Miller, Meisel, Jackson 
Collier 1959; Rasmussen & Schwartz 19 
Scott, 1956; Tagnon et al. 1952-54) the 
velopment of fibrinolytic hemorrhagic r 
thesis has been observed in immediate 
tion to transurethral resection of benign f 
static enlargement in cases with defect 


FIBRINOLYSIS AND THROMBOPLASTIC ACTIVITY 


241 


stasis, reported by Scott et al. (2 cases) 
Baurys & Jacobson (13 cases). Five 
ar cases with hypo- or afribrinogenemia 
oO general fibrinolysis after prostatic re- 
ns, one of which for cancer, have been 
ibed by Lombardo (1957) and in a 
- of 30 consecutive resections the same 
yr (1958) found an average drop of 20.3 
cent in the plasma fibrinogen level 4 
s after operation, but no estimation of 
1olytic activity in the blood was made. 
ever, a drop in plasma fibrinogen alone 
proof of increased fibrinolysis when the 
vascular infusion of appreciable amounts 
‘igation fluid during transurethral resec- 
(Taylor, Maxson, Carter, Bethard & 
tiss, 1958) is considered. 


an investigation to determine whether 
‘olled 
| loss in transvesical prostatectomy, 
dt, Perlick & Seyffarth, (1957) also 
ed the fibrinolytic activity in blood, 
; the lysis time method of Macfarlane 
_ Independent of the type of anesthesia, 
ased fibrinolysis appeared in immediate 
ion to operation, but normal level was 
1 about 3 hours later and even if con- 
d hypotension seemed to lessen the 
| loss, estimated by the number of blood 
fusions given, disastrous postoperative 
ing might occur. Among 20 cases of 
atectomy, Ledent & De Geeter (1959) 
1 increased clot lysis of whole blood 
peratively in two patients and both had 
ased and prolonged postoperative bleed- 
During a difficult prostatectomy Fabre, 
son & Ginoulhac, 1957 observed incoa- 
lity of the blood shortly after enuclea- 
of an orange-sized adenoma. 

the present study a rise of the fibrino- 


hypotension might lessen the 


lytic activity in the blood was observed 
immediately after enucleation of the prostate 


and the level remained increased for several 


hours, but was normal next day. This may 
partly explain that 80 per cent of the average 
total blood loss was found within this time, 
but besides general fibrinolysis the bleeding 
may be influenced by individual local factors 
as fibrinolytic and thromboplastic tissue 
activity, especially of the ‘“‘capsule’, in rela- 
tion to which the size of the prostatic fossa, 
that is the amount of removed adenomatous 
tissue, may play a role. 


The general and local factors of bleeding 
may be illustrated by the two cases (11 and 
5) mentioned above, with a blood loss of 
almost four times the average amount. 

Very likely the increased fibrinolysis in 
blood observed in transvesical prostatectomy 
is caused by a release of prostatic tissue acti- 
vator into circulating blood during the mani- 
pulations of enucleation together with dam- 
age of and absorption from the particularly 
active “surgical capsule’, which is the site 
of cleavage. In favour of this view may be 
mentioned the appearance of elevated serum 
acid phosphatase following massage or sur- 
gery of the prostate (Bonner, Homburger & 
Fishman 1954, Daniel & van Zyl 1952, 
Dybker & Jensen 1958, Glenn & Spanel 
1959, Hock & Tessier 1949, Marberger, 
Segal & Flocks 1957, Woodard 1952). 

After the lapse of several hours, or at any 
rate the next day, the normal balance be- 
tween active and inhibitory agents in blood 
generally has been re-established and further 
hemorrhage is influenced by the individually 
variable fibrinolytic and thromboplastic acti- 
vity and size of the walls of the prostatic 
fossa, the border of which consists of dam- 
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aged bladder mucous membrane with a high 
content of plasminogen activator as well 
(Ladehoff, 1960). 

In tissue culture studies (Kallén & Rohl) 
a correlation has been found between blood 
loss and fibrinolytic activity of the glandular 
cells of the prostate. However, not until a 
quantitative estimation method of active as 
well as of inhibitory agents in blood is 
available may it be possible to correlate 
fibrinolysis in blood, fibrinolytic and throm- 
boplastic tissue activity and blood loss. 


SUMMARY AND CONCLUSIONS 


In 25 cases of transvesical prostatectomy, 
fibrinolysis in blood was estimated’ before, 
during and after operation. In all cases in- 
creased fibrinolytic activity of several hours’ 
duration was found immediately after enuc- 
leation of the prostate. 

The hyperplastic prostates were investi- 
gated for thromboplastic activity and fibri- 
nolytic activity, estimated as concentration 
of plasminogen activator. The thrombo- 
plastic activity was usually high but varied, 
and in some cases inhibitory material was 
observed. 

An individually variable but high concen- 
tration of plasminogen activator was found 
in all samples and on an average twice as 
high in the “surgical capsule’ as in the 
adenomas. 

Estimation of per- and postoperative blood 
loss showed 80 per cent of the total amount 
to be found within the first 24 hours. 

The general and local factors of per- and 
postoperative bleeding are discussed and 
illustrated by two cases with particularly 
high blood loss. 


The variable bleeding in transvesical p 
statectomy may be related to a rise of ge 
fibrinolysis in blood, possibly due to a r 
of prostatic tissue activator during oper. 
as well as local fibrinolytic and thron 
plastic tissue activity at the operation 
Because of increased fibrinolytic activity 
the blood, regardless of skilful surgery, 0 
must be aware of the risk of fibrinolytic 
morrhagic diathesis. Since several quanti 
tively individual factors, most of which @& 
not be evaluated beforehand, participate 
the balance between fibrinolysis and clott 
it is not yet possible to predict the degre 
bleeding, nor if or when a state of heme 
hagic diathesis may develop. 
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1 previous studies (Berlin, Berlin, Bran- 
Andresen & Sjoberg, 1959) it has been 
wn that B,s.-binding power and intrinsic 
or (IF) activity, determined with the 
illing technique, were concentrated pro- 
ionally when a commercial IF concen- 
= was further purified stepwise about 30- 
. This seems to indicate that the Byp)- 
ling material present in the concentrate 
osely related to IF. 

he purpose of the present study was to 
plete this study by comparing electro- 
retic fractions of different IF concen- 
ss with regard to Byy-binding power and 
ictivity. 


MATERIALS AND METHODS 


wo IF concentrates were used for the elec- 
voretic studies: 1) The commercial concentrate 
98 with a Byg9-binding capacity of 204 coli 
(CU) per mg: 2) A further purified material 


(K 1106) with a Byg-binding capacity of 4200 
CU/mg and prepared according to the same pro- 
cedure as described earlier for K 816 (Berlin e¢ al., 
1959). 

Electrophoresis was carried out on a cellulose 
powder column. The material was added to the 
column in a 0.06 M barbital buffer solution, pH 
8.6, and eluted with the same kind of buffer. In 
the eluted fractions (85—115 tubes for each series) 
relative protein determinations were made according 
to a modified Folin-Ciocalteau method. 

Three series of electrophoresis were made, one 
on K 798 and two om K 1106. 

The eluted fractions were combined to 3—7 larger 
portions in the different experiments for dialysis 
to remove barbital, and subsequent determination 
of Byg-binding capacity, expressed in CU, and of 
IF activity with the Schilling test. 

The electrophoretic patterns, the collection of 
fractions, as well as the content of protein and CU 
in the different fractions, are given in Fig. 1 for 
one of the experiments made on concentrate K 1106. 
In the diagram the mobility towards the anode de- 
creases from left to right. The other two experi- 
ments showed essentially the same general picture 
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Extinction 
(relative amount 
of protein) 


Tube no. to" 20 | iz 0 

Fraction no. Ils1 U2} Nr3 IIks4 
By -bindin 

capac., Wee 580 14500] 4800 : 60" 
CU/mg protein 800 3040) 2600 560 
CU total 43000 {46 2000] 178000 | 9000~ 
Protein, mg 54 152 69 16 
Schilling test Yes | Yes Yes i Yes 


* Assay not very reliable, due to highly diluted solution 


Fig. 1. Data for one of the electrophoretic fractio- 
nations (Series III) of IF concentrate K 1106 
(4200 CU/mg). 


and the same results, although the electrophoretic 
pattern for the less pure material K 798 was con- 
siderably more heterogeneous. 

In the determination of IF activity in the dif- 
ferent fractions, comparisons were made with the 
same amounts of CU (results from one experi- 
ment given in Table 1), and in one of the experi- 
ments also with the same amounts of protein (Fig. 
2M 

The methods used for determination of By9- 
binding capacity and IF activity are described 
elsewhere (Berlin, Berlin, Brante & Sjoberg, 1958). 


RESULTS AND DISCUSSION 


It was found, as expected, that the total 
amount of protein in the different fractions 
had no correlation to their By:-binding capa- 
city (Fig. 1) nor to their IF activity 
(Fig. 2). 
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From Fig. 2 it is also evident that f 
tions with a high By,s-binding power ; 
had a high IF activity, and fractions with 
or with a very low Byjy-binding power es: 
tially lacked IF activity. 

Table I gives a typical picture of the mo 
quantitative evaluation of the IF activity 
different fractions, compared with their B 
binding capacity. 

It is apparent that the IF activity me 
accompanies the By.-binding material; ho 
ever, in all three series electrophoretic f 
tions with a lower mobility towards 
anode than most of the active material (¢ 
fraction III:3 in Table I) tend to shoj 
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Fig. 2. Schilling test with electrophoretic fracti 
oi IF material (K 798, Series I): Comparisor 
equal amounts of protein. 
Byg-binding capacity of given doses: I :1< 300 ¢ 
1:2, 3000 CU, Test eur 
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Table I. Schilling test (1 "g By-Co®) with electrophoretic fractions of intrinsic 
factor material: Comparison of equal amounts of Bjo-binding material. Values show 
urinary radioactivity excretion in per cent of given dose. For notation of fractions 


(ffl: J -etc.), see Fig. 1. 
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IP Fraction No. 
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swhat lower IF activity per unit of By.- 
ing capacity. A definite explanation for 
cannot be given; one possibility might 
hat a small amount of either an IF-in- 
ing factor or an IF-inactive B,9-binder 
mpanies these fractions through the puri- 
ion stages. 
| spite of the found irregularity, the 
ngs are compatible with the assumption 
IF as such does posses By, 9-binding 
ar. 
0 our knowledge electrophoretic frac- 
; of IF concentrates without bound 
nin By. have not earlier been compared 
By-binding capacity and IF activity. 
ever, Grasbeck (1956) determined IF 
ity of electrophoretic fractions of hu- 
gastric juice with bound radioactive 
nin Bi». and found activity only in the 
inding fraction. More recently, Barlow 
rederick (1959) carried out paper elec- 


trophoresis on hog IF material with radio- 
active vitamin By, attached to it, and showed 
that the amount of B,y.-binding material with 
a certain mobility, traced through the bound 
radioactive vitamin, was correlated to the IF 
activity of the material. On this basis they 
suggest an in vitro assay of IF. 

Furthermore, Ellenbogen & Williams 
(1960) recently were able to prepare a very 
concentrated IF material with about the same 
or even higher B,-binding power than our 
most active fractions and fully active in the 
Schilling test.at a dose as low as 0.3 mg. 

These results also support the suggestion 
that IF activity and By.-binding power are 
closely related. 


SUMMARY 
Two different intrinsic factor concentrates 
from hog’s pylorus were fractionated electro- 
phoretically, and the fractions were com- 
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pared with regard to By-binding power and 
intrinsic factor activity, the latter determined 
with the Schilling technique. 

The By, -binding material essentially ac- 
companies the intrinsic factor activity, a fact 
which suggests a relationship between IF 
activity and B,.-binding power. 

Fractions without By -binding capacity 
also lack intrinsic factor activity. 
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Urea excretion by the mammalian kidney 
as been the subject of extensive investiga- 
on, and previously it was the general belief 
jat this excretion was a passive process. 

According to the so-called modern theory 
f kidney function (Cushney-Rehberg 1926), 
ere is formed in the glomeruli an ultra- 
Itrate which contains urea in the same con- 
stration as in plasma. On its passage 
rough the kidney this ultrafiltrate is con- 
sntrated, and, following the formation of a 
mncentration gradient, part of the filtered 
rea diffuses back into the blood. More 
cently investigations by Bodil Schmidt- 
jelsen and co-workers (1954—57) have 
jown that an active excretion of urea is 
smonstrable The urea re- 
sorption percentage is that percentage of 
ie filtered urea which, during passage 
rough the kidney, returns to the blood. In 
51 this figure was investigated by Effer- 
fe, who found in normal rabbits that the 
‘ea reabsorption percentage (Ru) is a 


in mammals. 


1 Supported by a grant from ‘‘King Christian X’s 
mundation”’, 


logarithmic function of urine flows less than 
150 yl/min/kg, and that in a given urine flow 
the Ru is independent of the filtration, and 
consequently of the concentration index. 

In an earlier work Andersen & Nielsen 
(1955) confirmed Effersge’s findings and 
while examining renal function in rabbits 
during hypothermia, found a considerable 
variation from the normal. When the tempe- 
rature was reduced below 33° C the Ru fell 
to a lower figure than that of normal animals. 
In the present work, which contains a greater 
number of normal results, the effect of differ- 
ent pathological conditions on the Ru has 
been examined. The investigation includes 
changes in the morphology of the kidney 
such as compensatory hypertrophy and those 
caused by partial corticectomy or the action 
of proteose, and also the effect of functional 
changes such as caused by hemorrhagic 
shock, dehydration or the infusion of nor- 
adrenaline. 


METHODS 
The methods used for clearance estimations have 
been described im the previous study (Andersen & 
Nielsen 1955). The inulin analysis is carried out 
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Fig. 1. Normal material consisting of 99 determinations of Ru, 
plotted against the logarithm of the urine flow The thick continous 
lines show the regression lines for the Ru determination. The thin 
continuous lines show the double standard deviation. The dotted line 
is the regression line for Effersge’s material from 1951. By using 
different symbols the normal material has been differentiated into 
high and low filtration rates and high and low sulphate dosages. 
The regression lines of these results are shown in Fig. 2. 


according to the method described by Corcoran & 
Page (1939) in Bojesen’s modification (1949). The 
urea is determined by Conway’s method (1947). 
In the determination of PAH clearances, the me- 
thod used for dosage was that of Bergstrand (1952) 
and for analysis, that of Brun (1951). The diuretic 
used- is. NagSO4 in a 20 per cent solution the dose 
being 0.01 ml/min/kg with the exception of the 
first 9 animals in the normal material, where the 
dose was 0.04 mil/min/lg. 


NORMAL MATERIAL 
The normal material consists of 99 Ru 
estimations from 18 rabbits. 60 of these 99 
estimations are taken from the previous 
study. In Fig. 1 the relationship of Ru to 
urine flow is shown. The continuous line is 


the average curve for all the points, obtaii 
by the method of least squares. The impt 
sion is that, at the higher levels of urine fl 
the curve was flatter than at the lower, : 
accordingly the levels above and below — 
ul/min/kg have been considered separat 
There is, however, no significant differe 
between the two curves. The dotted lint 
the average curve drawn from 87 Ru res 
on 19 rabbits in Effersge’s study on t 
excretion in normal rabbits. The two 1 
lines represent the double standard deviat 
which, according to definition, must incl 
95 per cent of the points. 


Fig. 2 shows the curves for the nor 
material, calculated for Ru determinati 
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ring high and low filtrations. There is no 
nificant variation between these two cur- 
s. In the same figure are shown the curves 
ich have been calculated for Ru deter- 
nations during high and low sulphate 
sage, and again there is no significant 
riation in the two curves. 


Statistics. The equation for the regression line 
the normal material for urine flows less than 
)l/min/kg is Ru = 138.99- 44.63 x log. urine 
w. With urine flows greater than 110 w1/min/kg 
* equation is Ru=114.98- 34.28x log. urine 
w. Comparing the two curves one finds that 


- the b values (the slope of the curve) t = 0.94, . 


1 for the y values (the height of the curve over 
» base line) t = 1.16, That is, there is no signifi- 
it difference between the two curves. 

The regression line for Ru estimations at high 
rations is expressed by the equation Ru = 1311.69-- 
06x log. urine flow, and at low filtrations by 
» equation Ru = 136.89- 42.93 x log. urine flow. 
ter identity testing it was found that in the b 
wes t = 0.12 and in the y values t = 1.74 indi- 
ing that there is no significant difference between 
» two curves. The regression lines for Ru deter- 
nations for both high and low sulphate dosage 
1 be expressed by the equations Ru = 152.68— 
4))x log. urine flow, and Ru = 162.28- 41.37x 
, urine flow respectively. Comparing the two 
ves it is found that for the b values t = 1,31 
1 for the y values t=1.31. That is, there is 
ain no significant difference between the two 
“VES. 


Discussion. The above investigation con- 
ms Effersde’s findings: 1) Within the 
nge of examination Ru is a logarithmic 
action of urine flow. 2) At a given urine 
w Ru is independent of the filtration rate, 
d consequently of the concentration index. 
Variation in the dose of sodium sulphate 
es not appear to alter the relationship be- 
een urine flow and Ru. In common with 
jers the author demonstrated a _ great 
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Fig. 2. The regression lines for the different groups 

of Ru estimations shown in Fig. 1. There is no 

significant variation between the regression lines 

for determinations at high or low filtration, and 

again no significant variatiom between the regres- 

sion lines for Ru determinations at high or low 
sulphate dosages. 


scattering in the results, especially in the 
range of values bordering upon 100 ul/ 
min/kg. 

The curve drawn from Effersde’s results 
is, for the lesser urine flows, a little flatter 
than that drawn from the author’s material, 
whereas it is parallel to the curve for the 
higher urine flows. This is probably due to 
the fact that Effersge’s curve incorporates 
relatively more results for the higher urine 
flows. 


A. THE EFFECT OF CHANGES EN THE 
MORPHOLOGY OF THE KIDNEY 


I. Compensatory Renal Hypertrophy 

It has been shown by Oliver (1950) that, 
in the case of compensatory renal hypertro- 
phy, the predominant part of the hypertrophy 
falls on the proximal tubules, where an in- 
crease of more than 100 per cent in the 
diffusion area occurs. In the remainder of 
the nephron and in the collecting tubules any 
increase is minimal. According to Homer 
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Table I. The calculation of the relatwe 
hypertrophy of the kidney has been made in 
the following way. An allowance was made 
for the growth of the animal after unin- 
ephrectomy and an estimation made of the 
possible weight of the removed kidney at the 
time of clearance experiment. This estumated 
weight was compared with the weight of the 
hypertrophied kidney. Within the range 90 
til 170 days following uninephrectomy, there 
was found to be no relationship between the 
relative hypertrophy and time after unilateral 
nephrectomy. In the calculation it has been 
assumed that the original weight of the two 
kidneys was the same (Addis et al. 1924). 
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Smith (1951), the major part of the wa 
content of the glomerular filtrate is 

absorbed in the proximal tubules. It is 
be expected, therefore, that the urea 

absorption in the hypertrophic kidney diff 
from the normal. In order to find out if s1 
is the case, the following .experiment 1 
carried out.Thirteen rabbits of weights 
tween 2 and 3 kg were used. Unilateral 
phrectomy was carried out under ureth 
anesthesia, and clearance estimations { 
formed between 90 and 170 days after 
operations. The weight hypertrophy of 

remaining kidney ranged between 36 and 
per cent (average 64 per cent). It was 1 
ther shown that, within the above mentio 
space of time, there was no relationship 
tween the increase in the renal wei 
and the time elapsing after nephrecte 
(Table I). 


Fig. 3 shows the result of 88 Ru de 
minations on rabbits with compensat 
renal hypertrophy. The regression lines_ 
double standard deviation for the nor 
material are shown as dotted lines and tl 
for the animals with compensatory fr 
hypertrophy as continuous lines. In the s 
way as in the previous experiment a dist 
tion was made in the plottings as to whe 
the urine flows were above or below 11 
min/kg. It was found that with urine fl 
both above and below 110 ul/min/kg @ 
was no significant difference in the regt 
ion lines for the hypertrophied kidneys. / 
with urine flows below 110 ul/min/kg, 
regression lines representing the normal 
the hypertrophied material showed no si 
ficant difference. It was further found | 
in urine flows above 110 ul/min/kg, t 
was no significant variation in the slope 
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Fig. 3. The figure shows 88 Ru determinations from 13 animals with 

compensatory renal hypertrophy. The continuous lines show the re- 

gression lines and double standard deviation for this material. The 

dotted lines show the regression lines and double standard deviation 
for the normal material. 


-eurves. On the other hand, however, the 
ve for the hypertrophied organs lay signi- 
intly higher thant that of the normal. 


Statistics. The regression line for Rw determi- 
ions in urine flows below 110 41/min/kg has 
equation Ru = 150.45— 49.87x log. urine flow. 
> equation for urine flows above 110 u1/min/kg 
Ru = 134.43— 40.69x log. urine flow. Identity 
ing of these two curves gives for the b values 
0.65 and for the y values with a given x, 
0.96. 

nm comparison with the normal material in urine 
vs below 110 w1/min/kg it is found that for the 
falues t = 0.66 and for the y values t = 1.31 
- the curves representing urine flows greater 
n 110 w1/min/kg it is found that for the b values 
0.39 and for the y values t = 3.00. 


Jiscussion. As regards the larger urine 
ws, there has thus been established a small, 


but significant variation from the normal. 
Although this difference exists, practically 
all the plottings from the hypertrophic kid- 
neys fall within the normal range of varia- 
tion. The explanation of the deviation pre- 
sumably is that the influence of proximal 
water reabsorption is brought to bear part- 
icularly in the larger urine flows. Consider- 
ing the very pronounced changes in the mor- 
phology of the kidneys, the functional devia- 
tion is in any case small. 


Il. Partially Conticectomised Kidneys. 

It has been particularly emphasised by 
Trueta, Barclay, Daniel, Franklin & Pri- 
chard (1948) that two types of nephrons are 
found in the kidney, namely, the juxta- 
medullary comprising 15 per cent of the total 
(Heggie 1947), and the cortical. The essen- 
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tial difference between these two types, apart 
from the length of tubules, lies in the struc- 
ture of the blood supply. The efferent vessels 
from the cortical glomeruli subsequently 
split up into a capillary network which sur- 
rounds the tubules. The efferent vessels from 
the juxtamedullary glomeruli, on the other 
hand, proceed directly into the medulla as 
vasa recta, coming particularly in contact 
with the loops of Henle and the collecting 
tubules. Bing (1949), employing a special 
technique, has shown that it is possible to 
remove a large part of the kidney cortex 
without causing the death of the animal from 
hemorrhage. The same author has also 
worked out an onchometric method of deter- 
mining the portion of tissue removed as a 
percentage of the renal volume (1955). 

In a recent experiment 3 out of 7. partially 


renal corticectomised rabbits were kept al 
after removal of between 23 and 38 per ¢ 
(average 33 per cent) by volume of e 
kidney. It was attempted to form a ror 
estimate of the residual functioning nephr 
by counting the intact glomeruli in vari 
sections and comparing with similar secti 
from normal kidneys. In 20 areas there w 
thus counted 108 in the corticectomised ; 
232 functioning glomeruli in the nor 
kidneys. | 

After about 2—3 months, when the 
mals had completely recovered from 
operation, clearance estimations. were mz 
The results of these estimations, in all 40 
determinations, are given in Fig. 4. 

As previously, the regression lines | 
double ‘standard - deviations for the nor: 
material are shown as dotted lines. 


urea reabsorption per cent 


uncorrected fe) 
corrected e 
*’Sonder”’ animals x 


2.0 2.2 2.4 


log urine flow 


Fig. 4. 40 Ru determinations from 3 animals subjected to bilateral 

partial renal corticectomy. The lower continuous line is the regres- 

sion line for the uncorrected results, the upper continuous line is the 

regression line for the corrected results. The dotted lines have the 
same meaning as in Fig. 3. 
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ves for the corticectomised kidneys are 
ywn as continuous lines, the lower for the 
sorrected values, the upper for the cor- 
ted. These corrections are made because, 
en half of the nephrons are removed from 
sidney, those remaining are required to 
yduce twice the urine flow each, to get the 
ne total diuresis as the intact kidney. 
[lt can be observed that the slopes of the 
ves for the corticectomised kidneys vary 
le from the normal, whereas there is a 
tinct difference in their position on the 
iph. This latter difference is statistically 
nificant, the curve for the uncorrected 
ues being lower than the normal, while 
it for the corrected values is higher. 
In the same figure there are shown, in 
dition, the Ru values from 21 clearance 
imations on 4 rabbits used by Sgnder in 
work on experimental hypertension 
953). These animals were unilaterally 
phrectomised and thereafter made hyper- 
isive by the application of a Goldblatt 
mp to the remaining renal artery. They 
re finally made normotensive again by 
rtial renal corticectomy. The figures ob- 
ned are uncorrected, as the portion of the 
‘tex removed was not measured. However, 
was smaller than in the above experiments. 
most all the values obtained lay within the 
uble standard deviation. The regression 
e produced is very flat, and the slope 
fers significantly from the normal. On the 
er hand, there is no difference in the 
ight of the curves on the graph. 


Statistics. The equation for the regression line 
the uncorrected values is Ru = 122.84- 38.79 
9g. urine flow. In comparison with the normal 
terial it is found that for the b values t = 0.97 
| for the y values t = 3.80. The equation for 


the corrected values is Ru = 134.51—- 38.79 x log. 
urine flow. In comparison with the normal material 
it is found that for the b values t = 0.44 and for 
the y values t = 6.29. The uncorrected figures are 
compared with the normal curve for urine flows 
below 110 1/min/kg. The corrected figures are 
compared with the normal curve for urine flows 
greater than 110 1/min/kg. The curve for those 
animals used in Sgnders work has the equation 
Ru = 73.47— 15.63 x log. urine flow. In comparison 
with the normal curve it is found that for the b 
values t= 4.13 and for the y values t = 0.17. 


Discussion. It would be anticipated that 
following partial corticectomy, where a con- 
ciderable portion of the long nephrons with 
their vigorous blood supply is removed, a 
reduction of urea reabsorption would occur. 
However, in the curve for the corrected 
values, it appears that there is an increase 
in the percentage of urea reabsorption com- 
pared with the normal material. This pheno- 
menon can presumably be explained by the 
increase in permeability, probably in the 
walls of the tubules and possibly also in the 
loops of Henle and the collecting tubules, 
which occurs in a seriously damaged kidney. 
The variation in the Ru values from the nor- 
mal is still rather small, and the investigation 
of renal function in the rabbits used by S¢gn- 
der shows that even severe interference, such 
as lowering the blood supply followed by 
partial corticectomy, does not result in any 
essential alteration in the urea reabsorption 
levels. 


III. Treatment with Proteose'. 
Bing and co-workers (1946, 1951) have 
described the changes in the renal tubules in 


1 Grateful acknowledgement is made to the Leo 
factory for providing the hyaluronidase used in the 
experiment, and to the Ferrosan factory for provid- 
ing the protein hydrolysate used. 
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Fig. 5. Microphotograph from a section of kidney 
from a proteose treated rabbit. The lumen of the 
tubules is reduced and the epithelium is swollen. 
‘The cytoplasm is pale and finely granular. Some 
ot the nuclei are only lightly stained. The changes 
resemble, but are not identical with, those following 
the injection of hypertonic sucrose. (Description 
signed K. Schourup.) 


rats produced by the intraperitoneal injection 
of a protein hydrolysate, the histological 
picture resembling that found in the so- 
called “Nephrotic Syndrome”. An attempt 
was made by the author to treat rabbits in a 
similar way, but without success, as the ani- 
mals quickly succumbed from peritonitis. In- 
travenous injection of the hydrolysate was 
similarly impracticable on account of venous 
thrombosis or collapse of the animal. The 
difficulty was overcome by the subcutaneous 
injection of 3 units of hyaluronidase im- 
mediately prior to the injection of the hydro- 
lysate through the same cannula. In this way 
the hydrolysate was resorbed from the sub- 
cutaneous tissue. Employing this method :t 
was possible to produce the characteristic 
changes in the renal tubules of the rabbit, 
less pronounced, however, than in the rat 
Fig. 5. It was also possible to make clearance 
estimations on two rabbits which had re- 


cieved 1250 and 2055 g of proteose soluti 
in the course of 14 and 20 days respecti 

The weights of these rabbits prior to og 
jections were 2950 and 2100 g. At the ti 
of the clearance estimations the weights € 
2550 and 2110g. The urine showed p 
nounced proteinuria and numerous grant 


casts. i 

The results of the clearance estimat 
are shown in Fig. 6. All the Ru estimatic 
are above the normal curve, but within» 
double standard deviation. There is sig 
ficant difference in the height above the b 
line between the normal curve and the 
gression line for the proteose treated a 
mals, but there is no significant difference 
the slope of the two curves. _ : 

Statistics. The regression line for the prote 
treated animals has the equation Ru = 146 
45.18xlog. urine flow. Identity testing with 
normal material gives for the b values t =x 
and for the y values t = 2.52. 4 
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Fig. 6. 12 Ru determinations from 2 animals tre: 

with protein hydrolysate. The regression — 

through these points (continuous) differs sig 

cantly from the regression line of the nor 
material (dotted). 
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Jiscussion. Effersge in 1951, making de- 
minations of the Ru in rabbits poisoned 


h sodium benzoate, found values which 


gested an increase of urea reabsorption. 
ere was no demonstrable alteration in the 
al histological picture. In the proteose 
ated animals rather pronounced changes 
re found in the renal tubules, resemling 
se found in the ““Nephrotic Syndrome” in 
nans. Bing & Bjering (1937) have found 
isolated cases that, in patients with this 
idrome, there is a marked variation from 

normal relationship between filtration 


e and urea clearance. A significant, but 


aller variation from the normal is found 
the author’s investigation. The probable 
jlanation of the increased reabsorption in 
_ kidneys of the proteose treated rabbits 
; in the damaged tubular walls. 


B®. THE EFFECT OF FUNCTIONAL 
INFLUENCES ON THE KIDNEYS 


I. Dehydration. 


The action of the anti-diuretic hormone 
DH) is believed to be an increase of the 
ter reabsorption in the distal tubules, and 
the. dehydrated animal one would expect 
production of this hormone to be maxi- 
1. Should the obligatory proximal water 
ibsorption be partially abolished by the 
ministration of an osmotic diuretic to a 
tydrated animal, one would expect that 
-major part of water reabsorption would 
distally displaced in the tubules. 

[Two rabbits were deprived of water for 
ee days and given only corn and hay. The 
luence of dehydration-on the Ru was then 
estigated. The hemoglobin levels increas- 
from about 90 to about 110 per cent and 
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Fig. 7. 16 Ru determinations from 2 dehydrated 

animals. The regression line for this material does 

not differ significantly from that of the normal 
material. 


the weight fell about 300g (3150 to 2820 ¢ 
and 3400 to 3100 ¢g). Fig. 7 shows the re- 
sults of the Ru estimations. The regression 
line for these estimations shows no signi- 
ficant variation from that of the normal 
material. 


Statistics. The regression line for the dehydrated 
animals has the equation Ru = 121.34— 35.61 x log. 
urine flow. Compared with the normal material it 
is found for the b values that t= 1.22 and for the 
y values t = 0.11. 


Discussion. It has been shown that no 
significant change in the urea reabsorption 
occurs in the dehydrated animal after admi- 
nistration of an osmotic diuretic. If, as 
believed, a distal displacement of the water 
reabsorption takes place, it would be ex- 
pected that the Ru values would be reduced 
due to the decrease of the time available for 
the higher diffusion gradient to exert its 
influence. 

In the experiment with the hypertrophic 


urea reabsorption per cent 


@ normal 
x compensatory hypertrophy 


(9 Sree 1S Fe oie. 


log urine flow 


Fig. 8. All the final determinations from 31 clear- 
ance experiments both in normal animals and those 
with compensatory renal hypertrophy. At the time 
when those determinations were made, the rabbits 
were hypotensive and probably shocked. There is 
no significant difference between the regression 
line of this material and that of the normal. 


kidneys, where an increased water reabsorp- 
tion in the proximal tubules was anticipated, 
only a minimal alteration in the Ru took 
place. Taken together these two findings 
might suggest that a considerable part of the 
urea reabsorption takes place distal to the 
nephron, that is in the collecting tubules. 
Such has also been suggested by Effersde 
(1951) and the investigations of Ullrich & 
co-workers (1958), who cannulised the col- 


- lecting tubules and examined urine samples 


from different levels, again seem to confirm 
this theory. 


II. Hemorrhagic Shock. 


In 1948 Trueta and co-workers showed 
that it is possible to alter the distribution of 
the renal blood circulation. By inducing 
hemorrhagic shock they caused pallor of the 
kidneys, indicating cortical ischemia. Cortical 
pallor was observed towards the end of the 
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clearance experiments in this investigati 
where the animals were in a state of she 
resulting mainly from the blood loss to 
estimations. The blood pressure fell betw 
20 and 50 mm Hg. In two of the experime 
on normal and in five rabbits with comp 
satory hypertrophy the pale kidney was” 
posed. It was observed that renal funet 
could continue when the blood pressure 1 
as low as 30—40 mm Hg. t 

In order to examine the effect of heme 
hagic shock on the Ru, the final estimati 
have been taken from the normal and 
hypertrophic material. The figures are 5s 
in Fig. 8. Practically all these values 
within the normal range of variation, ; 
there is no significant difference between 
regression line of the final estimations : 
that of the normal material. 


Statistics. The regression line for the f 
determinations has the equation Ru= 127. 
36.51 x log. urine flow. In comparison with 
normal material it is found that for the b va 
t= 1.14 and for the y values t = 1.05. 

Discussion. As was believed to be the ¢ 
in the corticectomised kidney, it is thot 
that the greater part of the urine produc 
in the pale kidney takes place in the ju 
medullary glomeruli. While hemorrhi 
shock caused no demonstrable effect on 
Ru levels, renal corticectomy appeared 
cause significant variation from the nort 
but this variation was in a direction oppe 
the one expected from theoretical consid 
tions. This difference in behavior might 
suggest that the effect of corticectomy on 
Ru was due to damage to the tubular y 
and not to the loss of a number of cor! 
glomeruli. 
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7. 9. The figure shows blood pressure (BP), 
al blood flow (RBF), filtration rate (F) and 


ne flow (D) in the course of an experiment in - 


ich noradrenaline was infused in increasing 
ses. The picture is rather similar to that seen 
an experiment with progressive lowering of the 
ty temperature (Andersen and Nielsen 1955), 


Ill. Noradrenaline Infusion. 


Andersen & Nielsen (1955) demonstrated 
it, under artificial hypothermia, the kidney 
comes pale, the urine flow decreases and 
> Ru falls below normal, this fall becoming 
eater with the fall in temperature. They 
sgested that these changes could be the 
sult of a humorally produced vasoconstric- 
n in the kidney, as decreased renal blood 
w and pallor of the kidney have been pro- 
ced by Moyer, Conn, Markley & Schmidt 
949) using injections of adrenaline. 

In order to investigate this, the effect of 
radrenaline infusion on renal function was 
served. 

A preliminary investigation was carried 
fin which the left renal vein was cannul- 
d and the renal blood flow directly meas- 
sd using the method of Barcroft & Brodie 
05). The dose of noradrenaline which 
luced the blood flow by half was deter- 
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mined and found to be 0.0035 mg/min/kg. 

Fig. 9 shows an experiment with increas- 
ing noradrenalin dosage. A comparison of 
this experiment and a previous one (Ander- 
sen & Nielsen 1955), in which the effect of 
steadily decreasing temperature on renal 
function was studied, indicated that, as re- 
gards urine flow and filtration rate, there 
was a marked similarity. 


The relationship of Ru to urine flow in 
experiments with noradrenaline is given in 
Fig. 10. At the lowest levels of dosage 
almost all the points lay within the normal 
variation. The curve through these points is 
somewhat flatter than the normal, but there 
is no significant variation in the height over 
the base line of the two curves. At the higher 
dosages it can be seen that the Ru values are 
lower. The regression line for these values is 
significantly lower than the normal curve. 
At the highest dosages most of the plottings 
are far below the limit of the normal varia- 
tion, and they are so scattered that any curve 
through them would be valueless. 

In Fig. 11 there are seen, as a control, 
determinations of the Ru prior to and fol- 
lowing the infusion of noradrenaline. The 
curve through these points is practically 
identical with the normal. 

The relationship between the renal blood 
flow estimated by the PAH clearances, and 
that directly measured by using the Bar- 
croft-Brodie technique, is shown in Fig. 12. 
Eight determinations from two rabbits which 
recieved no noradrenaline are shown to the 
left of the figure. The calculated blood flow 
is between 66 and 150 per cent (average 106 
per cent) of that directly measured. Seven 
estimations from three rabbits during infu- 
sion of noradrenaline are shown to the right 


260 


M. ANDERSEN 


1 


urea reabsorption per cent 


urea reabsorption per cent 


a j 100 
+ . 0,004 - 0,010 mg/min/kg 

is ee . 2810 ge en | oo 

80 ie 


70 
60 
50 
40 
30 
20 
10 


0.2. 0:45 10.6; 0:8) 1.0.) 4204 Oates ee 270 eee ee 


log urine flow 
Fig. 10. The relationships of the Ru in rabbits under the influence 
of noradrenaline. The regression line for the Ru determtinations at 
low noradrenaline dosage, marked I, does not differ significantly 
from that of the normal material (dotted) in height over the base 
line. The regression line for the Ru determinations at a somewhat 
higher noradrenaline dosage marked II, lies significantly lower in 
the graph than that of the normal. Because of the very great scatter 
of points, no regression line has been drawn for the Ru determina- 
tions at the highest noradrenaline dosages. Most of the points lie far 
below the normal. 
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Fig. 11. The control values taken from the noradrenaline experi- 

ments. These determinations were made either before or after the 

infusion of noradrenaline. The regression line for those determina- 
tions is practically identical with the normal. 
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the figure. The calculated blood flow in 
sry case is far below that measured, being 
ween 17 and 53 per cent (average 34 per 
it) of the measured figure. Increase of the 
se of noradrenaline apparently results in a 
eater variation between the calculated and 
asured renal blood flow. Study & Skipley 
949), when stimulating renal nerves, ob- 
‘ved a similar phenomenon. 


Statistics. For the estimations with the lowest 
adrenaline dosage the equation is Ru = 94.27— 
73xlog. urine flow. Comparing this with the 
‘mal curve, for the b values t = 3.43 and for 


-y values t= 0.55. For the somewhat higher - 


adrenaline dosages the equation is Ru = 108.71— 
45x log. urine flow. Comparing this with the 
‘mal, it is found that for the b values t = 1.01 
t for the y values t = 2.24. A comparison of the 
ves for the lowest and the somewhat higher 
adrenaline dosage gives for the b values t = 0.79 
1 for the y values t = 0.35. 


Discussion. It can be seen that a consider- 
le similarity exists in the reaction of the 
bit kidney to the influence of hypothermia 
d noradrenaline, both causing a fall in 
ine flow and filtration rate. There is also 
considerable decrease in the Ru values at 
> lowest temperatures and at the highest 
radrenalin dosages. Taking into account 
= pronounced renal pallor found in both 
ses, it could be assumed that the blood 
w in a considerable part of the cortex is 
eatly reduced, and consequently that the 
mber of functioning nephrons has been de- 
sased. This satisfactorily explains the de- 
sase in filtration rate and urine flow, and 
0 explains the decrease in the Ru figures 
the high noradrenalin doses or low tempe- 
tures. Should a reduction of, say 90 per 
at, in the number of functioning nephrons 
effected, it would be necessary for the re- 
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Fig, 12. A comparison between the directly meas- 
ured renal blood flow and that estimated from the 
PAH clearance. The 8 columns to the left of the 
figure show the values from experiments in which 
no noradrenaline was given. The 6 columns to the 
right of the figure show the values obtained during 
noradrenaline infusion. There is a large and con- 
stant variation between the measured and the esti- 
mated renal blood flow in the noradrenaline ex- 
periments. 


maining 10 per cent to increase their output 
tenfold in order to yield the same total out- 
put as the normal kidney. For example, the 
Ru values observed at a urine flow of 10 pl/ 
min/kg, in reality corresponds to a urine flow 
of 100 pl/min/kg, in which case the Ru 
values are considerably lower. 

A similar effect was not observed in 
hemorrhagic shock in spite of the fact that 
the kidney was pale. The explanation could 
be that the ischemic glomeruli were so few 
in number that their effect on the Ru was 
submerged in the scatter of the values. The 
great difference observed between the meas- 
ured and the calculated renal blood flow 
during infusion of noradrenaline would seem 
to confirm the presence of an A-V_ shunt 
mechanism in the kidneys as postulated by 
Trueta and co-workers. Even if a consider- 
able proportion of the nephrons were not 
functioning, it would be expected, provided 
that normal function continued in the re- 
maining nephrons, that the PAH clearance 
would correspond to the blood flow. 


SUMMARY 


The Urea Reabsorption Percentage (Ru) 
may be defined as that percentage of the 
filtered urea which, during passage through 
the kidney, returns to the blood. The Ru in 
rabbits has been studied both under normal 
and pathological circumstances. Investigation 
of the normals shows 1) Ru is a logarithmic 
function of the urine flow within the exa- 
mined range. 2) Within a given urine flow 
Ru is independent of the filtration rate and 
consequently of the concentration index. 
3) No variation in the Ru could be demon- 
strated during high or low dosage of sodium 
sulphate. The findings of Effersde (1951) 
were thus confirmed. 


Investigation under pathological circum- 
stances embraces the effect of changes in the 
morphology of the kidney produced by 
uninephrectomy, partial corticectomy or in- 
-jections of a proteose solution, and of func- 
tional changes caused by hemorrhagic shock, 
dehydration or the infusion of noradrenaline. 

In compensatory hypertrophy, following 
uninephrectomy, a_ slight but significant 
variation from the normal curve is found at 
the higher urine flows. 

In corticectomised kidneys the changes are 
more distinct but still not very pronounced, 
considering that most of the determinations 
of Ru fall within the normal range of varia- 
tion. In the proteose treated animals the Ru 
is significantly higher than the normal, but 
all the determinations lie within the normal 
range of variation. 

In dehydration and hemorrhagic shock no 
significant variation from the normal was 
demonstrated. 

The infusion of noradrnaline in a greater 
dosage than 0.025 mg/min/kg resulted in a 
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considerable variation from the normal | 
of the results being far below the nom 
range of variation. 
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The lactic dehydrogenase activity in the 
serum (SLDH) has been investigated in 
several clinical disorders (Hill & Levi 1954, 
Hsieh & Blumenthal 1956, McDonald, Simp- 
son & Nossal 1957, Wacker, Ulmer & Val- 
lee 1956, White 1956, Wroblewski 1959). It 
is indicated that the high serum activity in 
myocardial infarction and other necrotizing 
processes is due to the liberation of the en- 
zyme from necrotizing tissues. 

SLDH seems to be at a fairly equal both 
in women and men. However, Hagerman & 
Wellington (1959) found minor variations 
during the menstrual cycle with the minimum 
activity about ovulation time. 

In recent years there have been some in- 
vestigations into the lactic dehydrogenase 
activity (LDH) during pregnancy and del- 
ivery, but few investigations into the activity 
during puerperium, and the results and con- 
clusions are not uniform’ Thus Hill & Levi 
(1954) found an increased activity up to 
delivery throughout the last 6 weeks of 
gestation. Contrary to these, other reports 
indicate that the activity is slightly elevated 


or within normal limits throughout pr 
nancy. McDonald eé al. thus found that 
SLDH was unchanged in 4 or 5 cases ; 
West & Zimmerman (1958) in 68 of 
cases. The reports of Linton, Miller & M 
ston (1959) and Knudsen, Cornatzer, Me 
& Nelson (1958) indicated no increase 
SLDH in a group of 30 and 100 cases 
spectively, compared to groups of healt 
nonpregnant individuals. Comparative st 
of SLDH in material and fetal serum, m 
by Lapan & Friedman (1959), revealed 
per cent higher activity in fetal than 
maternal serum. | 

Thus there has been some disagreemen 
the reports on SLDH ante- and post-part 
and little attention has been focused on 
enzyme levels in maternal sera during pi 
perium and in umbilical cords. The pre 
work is an attempt to throw some light 
the following problems: 1. Is there an 
creased SLDH at delivery and/or during 
puerperium? 2. Is there any correlation 
tween the activity in maternal serum an 
serum from the umbilical cord? 
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MATERIAL AND METHODS 


SLDH was investigated in blood samples from 
women, 18—30 years old, with uncomplicated 
iveries after normal pregnancies. The first blood 
aple was obtained during delivery. Post partum 
blood samples were obtained daily or every 
ond day until departure from the clinic usually 
lays post partum. SLDH in these blood samples 
s compared with the activity in sera from 20 
thy, nonpregnant women, between 18—25 years 
age, without any special regard to the men- 
ual cycle. 
Maternal blood was collected in  test-tubes 
ough Wasserman needles. Centrifugation was 
ried out as soon as the blood coagulated, at 3000 


m. for 5 minutes. The serum was pipetted off and . 


zen within 30 minutes after collecting the blood. 
tal blood was obtained right after delivery in 
t-tubes when cutting the umbilical cord which, 
necessary, was squeezed into the test-tubes, and 
ycessed in the same way as the maternal blood. 
All determinations were performed within 7 
ys aiter collection. The method used for deter- 
ning the LDH activity was a modification of 
it described by Wroblewski & La Due (1955). 
Reagents: DPNH (Sigma. 92 per cent based 
4 H20). : 
Na-pyruvate (Sigma). 
Both reagents were kept in their original pack- 
fs in a refrigerator. 
Phosphate buffer, 0.4 M and pH 7.4 was made 
from KsaHPO, p.a. and KHePO4 p.a. and 
ss distilled water. The buffer was produced in 
sufficient amount to cover all determinations in 
series and was regularly controlled with a pH- 
ter. 
DPNH-solution was made up just before deter- 
ning each series, of: 2.5mg DPNH, 7 ml phos- 
ate buffer and 20ml glass distilled water. A 
sh solution of Na-pyruvate was also made up 
mediately before use of: 25mg Na-pyruvate 
1d 1m! glass distilled water. Throughout the 
xcedure both these solutions were kept on ice. 
0.1ml serum was added to 3m! DPNH-solu- 
n, mixed and left at room-temperature for 10 
nutes. This was then placed in a cuvette and 
‘ml Na-pyruvate solution added and mixed. 


Serial readings were taken in a Beckman spectro- 
photometer at 340 my over 5 minutes. 

SLDH is expressed as units per ml per minute. 
One unit (E) equals a decrease in optical density 
of 0.001 division per ml serum per minute at 340 myc. 


RESULTS AND COMMENTS 


Ass will appear from the Table I and from 
Fig. 1, the activity varied considerably, but 
there was less variation in the controls. The 
average activity at delivery was 637 with 


SD 
Average cases 

= » controls. 
1.500 hs c 
1.400 
1.300 i 
1.200 e 

e 
1.100 < 
e e ‘eo 


pe mill 


TA 


2 3 4 
Days after delivery 


Delivery 


Fig. 1. Scattergram showing the distribution of 

LDH activity in individual cases after delivery and 

in controls. The shaded area shows the range of 

standard deviation (SD). The interrupted line 

shows the average activity in the controls and the 

dark unbroken line shows the average activity in 
the cases. 
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T alile:l. 


om ee 


No. of | 


| Dovey | SP) | mb teed | sD | 


Controls SD 


cases . 30 20 20 
Range .. | 220—1100 600—1960 210—710 
Average. 637 + 193 1235 + 381 445 + 121 


LDH-activity in maternal serum at delivery, in umbilical cord and in 


controls with standard deviation (SD). 


standard deviation (SD) + 193, and in the 
controls 445 with SD + 121. SLDH at 
delivery was significantly higher than in the 
controls (p <0.5). The average activity in 
serum from umbilical cords was 1235 with 
SD + 381 and thus twice as high as in 
maternal serum. 

The present results did not indicate any 
relationship between placental size and the 
serum activity in the umbilical cord. Neither 
the duration of labor nor the duration of 
pregnancy (in days) seemed to play any role 
in the activity of maternal serum or serum 
from umbilical cord. 

The puerperal activity was fairly constant 
throughout the observation period; the daily 
levels being significantly higher than in the 
controls (p < 0.5). 

Among other investigations, Persson 
(1959) has shown that the placenta is very 
rich in enzymes. It is further known that the 
placenta at term is a rapidly degenerating 
organ. As indicated in other necrotizing pro- 
cesses mentioned above, the liberation of 
placental enzymes is indicated as a possible 
explanation of the relatively high enzyme 
activity in the umbilical cord. Another poss- 
ible explanation could be that fetal growth 
and metabolic processes increase enzyme 
activity in the same way as rapidly growing 


neoplastic tissues. There was good agre 
ment between the present report and f 
work of Hagerman & Wellington (195! 
which indicated that the placental barmi 
separates the maternal from the fetal e 
zyme system. 

It would be of interest to know how lo: 
the activity remained at a higher level in t 
puerperium. The patients in this report we 
discharged from the clinic on the 5th or tf 
6th day post partum, and a further obsery 
tion was not practical. 

As mentioned above, no correlation t 
tween placental state (size, infarctions, ¢ 
cium deposits etc.) and the enzyme activi 
was found. Concerning the role of the pl 
centa in determining the level of SLDH 
fetal blood, it would be value to follow 7 
the activity in fetal blood for some tit 
after delivery. However, for practical-clini 
reasons such an investigation was abandone¢ 


SUMMARY 


1. The serum lactic dehydrogenase ac 
vity (SLDH) was determined in matert 
sera at delivery and in sera from umbili 
cords. The maternal serum was also dett 
mined up to 5 days after delivery. 
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The results indicated slightly increased 
vity in maternal sera at delivery and after 


very during the whole observation peroid | 


lays). 


The average activity in sera from the 
vilical cord was twice as high as in mater- 
sera. There seemed to be no correlation 
veen the activity in maternal serum and 
erum from umbilical cord. 
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It now seems well established that increase 
of intrapelvic pressure to 15—20 mm Hg 
does not influence urine flow and composi- 
tion (Pilcher, Bollman & Mann, 1937; 
Share, 1952; Selkurt, Brandfonbrener & 
Geller, 1952). At higher ureteral pressures, 
however, the output of urine and salts de- 
creases. From earlier studies, summarized by 
Cushny (1926), it is apparent that the ex- 
cretion rates of urea, sulphate and phosphate 
were less reduced than water excretion. This 
suggests that the osmolar concentration of 
urine would increase at high ureteral pres- 
sures. 

In previous stop-flow studies performed 
during water diuresis, abstraction 
continued in the collecting ducts during the 
clamping period (Kil & Aukland 1960 a, b). 
The osmolar concentration of urine delayed 
in the collecting ducts increased and might 
exceed plasma levels. Segments of the col- 
lecting ducts are therefore permeable to 
water even in the absence of antidiuretic 
hormone. The distal part of the collecting 


water 


1 This study was supported by grants from Ship- 
owner Anders Jahre, and the Norwegian Research 
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ducts was also found to be urea-permea 

The hypothesis was advanced that 
medullary concentration mechanism locali 
in the loop of Henle operated independe: 
of the presence of.antidiuretic hormone. ’ 
osmolar concentration of papillary intere 
tial water would decrease during water | 
resis on account of large water abstrac 
from the collecting ducts. The osmolar ¢ 
centration due to urea would be low bece 
the urea concentration is low in the f 
delivered to the collecting ducts during w 
diuresis. : 

The water permeability of the distal tt 
les is low during water diuresis, and the ¢ 
tinued sodium reabsorption from these 
ments during stopped flow would there 
render these urine portions more dilute | 
normally. Stop-flow conditions evide 
exaggerate both the diluting effect in 
distal tubules and the concentrating effet 
the collecting ducts. | 

The present investigation was there 
undertaken to see if urine was dilutes 
concentrated when continuous flow thr 
the nephrons was allowed. In most ex] 
ments there was a considerable increas 
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olar concentration of urine. This indicat- 
that the water permeability of segments 
he collecting ducts was high during these 
erimental conditions. The high water 
neability might, however, be due to 
ention of the collecting ducts. This pos- 
lity was investigated by comparing the 
jolar concentration of urine in post- 
ruction periods with urine from the con- 
kidney. The effect of ureteral pressure 
*n the sodium concentration of urine was 
1 during control periods was also invest- 
ed. On the basis of these findings the 
amics of water diuresis is discussed. 


METHODS 

Xperiments were performed on ten mongrel 
s, weighing 12—22 kilos, anesthetised with 
abutal. 1.5 meter long polyethylene tubes were 
rted into the ureters through a flank incision 
tied im place at the pelvioureteral junction so 
leakage along the catheters could be avoided. 
Vater diuresis was induced by giving 5—600 
water by stomach tube and was maintained 
ughout the experiment by the infusion of 0.45 
cent sodium chloride solution at a rate of 48 
per minute. Creatinine and p-aminohippurate 
.H), in amounts expected to insure maximal 
action, were added to the infusion solution. 
alluride (Mercuhydrin Astra) was given con- 
usly 1.v. when high rates of sodium excretion 
e desired. 

‘enial pelvic pressure was increased by elevating 
peripheral end of the polyethylene catheter. 
1e from the contralateral kidney, sampled at at- 
yheric pressure in the renal pelvis, served as con- 
Since increased pelvic pressure might have a 
Jual effect on kidney function, urine from the 
srimental kidney sampled at control pressure 
served as control. In all experiments included 
his report the concentration of urine was less 
1 150 mMol per liter during free flow from the 
srimental kidney and from the control kidney 
ughout the experiment. 


* 


At high ureteral pressures when the urine flow 
was low, more tham one hour was needed for 
equilibration. When equilibrium was assumed to 
he reached and urine samples obtained, the catheter 
Was it! some experiments cut 30—40cm from the 
renal pelvis. The outpouring urine was sampled 
in 20—30 approximately equal portions. New fil- 
trate was signified by the appearance of inulin 
administered 7.7. 45 seconds before the outpouring’ 
period. 

Blood and urine samples were analyzed for 
urea, creatinine, PAH, sodium, potassium and 
chloride by methods previously described (Kiil & 
Aukland, 1960a,b). In lack of an osmometer, the 
osmolar concentration of blood and urine was 
estimated as the osmolar concentration of urea 


and creatinine, plus twice the sodium and potassium 


concentration measured in mEq per liter. Later _ 
comparisons of osmolar concentration of urine 
with osmolar values directly obtained by means 
of a Fiske osmometer revealed differences too 
small to invalidate any of the conclusions drawn 
in this paper. 


RESULTS 
When continued urine flow was allowed 
through the elevated catheter, the maximal 
intrapelvic pressure attained was regularly 
higher than 110 cm water, measured as the 
vertical distance between the tip of the 
catheter and the level of the renal pelvis. 
Since urine under these experimental con- 
ditions was usually higihly concentrated and 
of high specific gravity, the intrapelvic pres- 
sure was underestimated by a few centi- 
meters. The values given are the uncorrected 
ones. The highest pressure attained was 134 
em water. In two experiments the addition 
of mannitol to the infusion fluid increased the 
rate of urine flow even at the maximal pres- 
sure attained, but premannitol urine flow 
was established by further elevating the 

catheter a few centimeters. 
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Fig. 1. Effect of increased pelvic pressure (Left kidney, L) on urine flow, 
osmolarity and composition during water diuresis. Right kidney (R) used 
as control. 


At the highest ureteral pressures, change 
in pressure by a few centimeters was ac- 
companied by large changes in urine flow. 
Variations in flow also occurred spontane- 
ously even when the rate of urine flow from 
the control kidney did not change. Transient 
slight reduction in systemic blood pressure 
following additional administration of Nem- 
brutal was accompanied by similar changes 
in highest obtainable ureteral pressure. 
Clearance determinations at high ureteral 
pressures were therefore unreliable, even 
when urine flow was kept nearly constant by 
small changes in pressure. 

When urine flow was reduced from 5—8 
ml per minute to less than 0.2 ml per minute 
by increasing ureteral pressure, the osmolar 
concentration..of urine usually increased 
3—5 times and exceeded the osmolar con- 


centration of serum. On account of dead 


space errors even when considerable t 
was allowed for equilibration, the maxi 
osmolar concentration may be estimated 
low. In order to avoid space errors of of 
site direction when sampling was desire 
a lower ureteral pressure, the accumul: 
urine was emptied before the start of 
new equilibration period. The result ¢ 
typical experiment at high ureteral pres: 
is shown in Fig. 1. At a pelvic pressuf 
100—117 cm water and urine flow of 
than 0.1 ml per minute, the osmolar con 
tration was seven times higher than in | 
trols and more than twice as high as 
osmolar concentration of serum. 

When the ureteral pressure was kept 
stant, increase in urine flow led to reduc 
in osmolar. concentration. Comparison ol 
sults from different experiments also — 
ported the conclusion that the osmolar — 


EFFECT OF HIGH URETERAL PRESSURE ON URINE CONCENTRATION 


271 


Cr 2Na 2K Urea 


BZ 


J 
mMol /; ; yy 
7 
Y 
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Urine flow(ml/min) 8,3 8,8 1,8 9,3 2,5 12,0 
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2. Effect of increased pelvic pressure (Right 
ey, R) on urine flow, osmolarity and compo- 
m during merallurid diuresis superimposed on 
sr diuresis. Left kidney (LL) used as control. 


tration of urine was more dependent on 
tate of urine flow than on the absolute 
1e of the ureteral pressure. The ureteral 
ssure required to reduce the urine flow 
ess than 0.5 ml per minute varied from 
fo 125 cm water. 
n most of these experiments urea was the 
n osmolar constituent both during free 
obstructed flow. The percentile in- 
ise in concentration was higher for 
itinine, so that the urea/creatinine ratio 
reduced when urine flow was reduced. 
atinine and PAH clearances were not 
aced at ureteral pressures up to 50 cm 
er, in accordance with previous findings 
Ikurt et al. 1952). In some experiments 
were no measurable reductions even 
igher pressures, but at the maximal pres- 
ss the clearances were reduced to a few 
cent of control values. The concentration 


of potassium invariably increased, although 
its clearance was reduced more than that of 
creatinine. The concentration of sodium re- 
mained essentially unchanged at moderate 
reductions of urine flow, but decreased at 
higher pressures so that the urine was nearly 
sodium-free at the lowest flow rates. Usually 
the reduction in osmolar concentration due 
to sodium was more than compensated by 
the increase in osmolar concentration due to 
the other urine constituents. 

This suggested that if the osmolar con- 
centration during free flow were mainly due 


to sodium, the total osmolar concentration 


might decrease when ureteral pressure was 
raised. Sodium output increased when 
meralluride was administered, but the osmo- 
lar concentration of urine increased consider- 
ably. Fig. 2 shows the results of an experi- 
ment where the concentration, mainly due 
to sodium and its anions, was approximately 
200 mMol per liter during free flow. At a 
pressure of 120 cm water the concentration 
was reduced to 160 mMol per liter, so that 
the reduction in sodium concentration out- 
ranged the increase in concentration of other 
constituents. A necessary pre-requisite for 
this occurrence seems to be that the sodium 
concentration is high in control urine. 


Reductions in urine volume and sodium 
concentration precede measurable reductions 
in filtration rate when ureteral pressure is 
raised. Fig. 3 shows the result of an exper- 
iment where no reduction in creatinine 
clearance occurred at a ureteral pressure of 
55 cm (mean value at increased pressure 
52.5 ml per minute against 53.5 and 51 ml 
per minute in control periods before and 
after pressure increase). Changes in urine 
composition, mainly due to water abstraction, 
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mMol/| 100 
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Urine flow(ml/min) 4545 2426 3737 1) 14 
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Fig. 3. Effect of moderately increased pelvic pressure on urine flow, osmo- 

larity and composition during water diuresis. At 46 minutes sudden reduction 

of pressure from 55 to 0 cm HeO followed by continuous sampling of small 

urine portions, in the diagram plotted against accumulated volume. Inulin 

injected i.v. 45 seconds before reduction of pressure. Urine inulin concen- 
tration recorded as per cent of maximal value. 


were present already at a pelvic pressure of 
35 cm water. 

It was of interest to examine the outflow 
pattern when the ureteral pressure was 
suddenly reduced to control level. By plotting 
the concentration indices of creatinine, urea, 
sodium, potassium and osmolar concentration 
against accumulated urine volume, consistent 
excretion patterns were obtained. An ex- 
ample is shown in Fig. 3. In spite of a urine 
flow exceeding one ml per minute before 
reduction of pressure, the main character- 


istics of the excretion patterns were: sitt 
to those obtained in stopflow experim 
during water diuresis (Kill & Aukk 
1960 b). Contral levels for cretinine and 1 
reached within © 
minute and for sodium and potassium wi 
four minutes. When the dead space of 
renal pelvis and the ureteral chateter is te 
into account, the creatinine concentra 
dropped even from the first ml obtained { 
the kidney, and reached control levels at 
same time as the dip in sodium concentra 


concentration were 
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accordance with previous  stop-flow 
lies, the osmolar concentration pattern 


sribes a bimodal curve. 


n experiments where the ureteral pres- 


> was not raised higher than 60—70 cm 
er, no consistent changes in the composi- 
. and volume could be detected in the 
wing control periods. When ureteral 
ssure had been raised to the highest 
inable values for one hour or more, urine 
n the experimental kidney was slightly 
otonic in the following control periods 
pared with that from the control kidney 
e. 1). Creatinine and PAH clearances 
e consistently reduced by 10 to 20 per 
t. No consistent changes in urine flow, 
lary composition and osmolar concentra- 
occurred on the control side during these 
eriments. 


DISCUSSION 


t has previously been shown that increase 
smolar concentration of urine in the ab- 
se of antidiuretic hormone can be achieved 
partial occlusion of aorta or reduction of 
emic blood pressure (del Greco & de 
rdener 1956), or by compression of the 
ul artery (Berliner & Davidson 1957). 
. latter authors assumed that the reab- 
tion of sodium and water became essen- 
y complete farther and farther up the 
ile when the glomerular filtration rate 

reduced. By reduced delivery of pre- 
le to the diluting segment less water 
id be freed of solute, and only a minimal 
ime of solute free water would be deliver- 
© the final segment of the nephron res- 
sible for the production of hypertonicity. 


A similar mechanism may contribute to 
the production of hypertonic urine when the 
ureteral pressure is raised. At the highest 
ureteral pressures the glomerular filtration 
rate was always © considerably.’ reduced. 
Changes in composition of urine appeared, 
however, at a ureteral pressure well below 
that where reduction in glomerular filtration 
rate could be detected. An attempt to explain 
the paradox that glomerular filtration rate 
may not be reduced when proximal tubular 
pressure is increased, is presented in the 


following paper (Kiil & Aukland, 1961). 


- Selkurt ef al. (1952) observed reduction in 


sodium excretion at ureteral pressures where 
glomerular filtration rate was not signifi- 
cantly reduced. They assumed that the low 
sodium excretion was due to indetectable 
reduction of glomerular filtration rate. Share 
(1952), making similar observations, sug- 
gested that a contributory factor might be a 
more sluggish flow through the tubules 
favoring an increase in sodium and water 
reabsorption. 


The importance of contact-time is well 
visualised in stop-flow experiments. The 
reduction in sodium concentration in distal 
tubules indicates that the maximal concen- 
tration gradient for sodium is not reached in 
this segment during free flow even when 
water reabsorption is reduced on account of 
the osmotic effect of mannitol. A similar 
mechanism will be operating at increased 
ureteral pressure in spite of continuous flow. 
Reduction of pressure to control levels 1s 
followed by an outpouring of urine due to 
distention of the tubules (Kiil & Aukland, 
1960 a). In the presence of increased tubular 
volume the passage time will be longer than 
normal. 
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When, during water diuresis, the ureteral 
pressure is high, the increase in contact time 
with the distal tubules will lead to a more 
complete sodium reabsorption. Since the 
distal tubules in the absence of antidiuretic 
hormone are relatively impermeable to water, 
the reduction in volume will not be apprec- 
iable. A more dilute urine is accordingly pro- 
duced when the flow through the distal tub- 
ules is slow. The dilution effect will be 
greater at high ureteral pressure when so- 
dium concentration in control urine is high, 
as it is when meralluride has been admini- 
stered. The dilution effect may then be 
greater than the concentrating effect, and the 
osmolar concentration of urine will decrease 
as shown in Fig. 2. This illustrates the im- 
portance of water permeability of the distal 
tubules for the concentration of urine. High 
ureteral pressure will therefore have a less 
concentrating effect during water diuresis 
than during salt diuresis, when the fluid of 
the distal tubules is in osmotic equilibrium 
with surrounding interstitial fluid whether 
the flow rate is high or low. 


Increase in ureteral pressure may reduce 
the rate of blood flow through the renal 
medulla, so that the medullary concentration 
mechanism may operate more efficiently. 
Medullary blood flow, however, would be 
reduced whether urine was diluted or con- 
centrated, and is therefore not a decisive 
factor. Since this factor can be ruled out, 
the final osmolar concentration of urine pro- 
bably depends upon the flow rate and hypo- 
tonicity of the fluid delivered to the collect- 
ing ducts. It remains unknown how much 
water has to be abstracted from the collect- 
ing ducts in order to render the interstitial 
fluid of the papilla sufficiently dilute. If fluid 


of osmolar concentration of 50 mOsm 

liter is delivered to the water-permeable § 
ment, abstraction of half the volume does” 
increase osmolar concentration to more f 
100 mOsm per liter. The osmolar al 
tion of interstitial fluid of the papilla is p 
bably higher than that of plasma even dur 
water diuresis (Ullrich, 1959). Equilibri 
is therefore not reached. This might be « 
to a limited water permeability in all s 
ments of the collecting ducts in the abse 
of antidiuretic hormone. It seems more Tf 
sonable, however, that osmotic equilibri 
is not reached on account of the high fl 
rate through the collecting ducts dur 
water diuresis.  « , [ 


The highest osmolar concentration: 
evidently reached in the inner zone 
medulla when flow rate is reduced dur 
water diuresis. The osmolar concentrat 
of interstitial water seems to fall in the dir 
tion of the papillary tip (Ullrich, 1959). T 
supports the hypothesis that the larg 
water abstraction during water. diuresis ta 
place in the papilla. The problem which 
mains to be settled is whether this h 
water permeability is an artefact produ 
by distention of the collecting ducts 
whether high water permeability is pres 
during free water diuresis. Short periods 
increased ureteral pressure do not lead 
measurable changes of renal function. If 
collecting ducts became more permeable 
water on account of distention, the osm 
concentration of urine in postexperime’ 
periods would be higher than that from 
control kidney. Reduction in glomerular 
ration rate would have a concentrating eff 
The finding of an even more dilute t 
suggests that protracted distention ren 
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distal tubules and collecting ducts less 
veable. to water. It is therefore concluded 
the distal parts of the collecting ducts 
under normal conditions are highly per- 
ble to water even in the absence of anti- 
etic hormone. 


SUMMARY 


‘hen urine flow was reduced to less than 
ml per minute by raising ureteral pres- 
in dogs during water diuresis, the os- 
ir concentration increased to 5—7/00 
ol per liter. The osmolar concentration 
rea, creatinine and postassium increased, 
reas sodium concentration remained un- 
wed at low ureteral pressures and de- 
sed at high pressure. When sodium and 
mions constituted the main part of urine 
olarity, as after administration of meral- 
le, total osmolar concentration might 
ease at high ureteral pressures. Studies 
he outflow pattern following sudden re- 
ion of pressure to control levels showed 
the reduction in sodium concentration 
due to a more complete sodium rearb- 
tion in the distal tubules, which remain- 
essentially water-impermeable at high 
eral pressures. The main additional 
er abstraction during increased ureteral 
sure was shown to take place in the 
scting ducts. Increased osmolar concen- 
ion of urine was observed even at ure- 
| filtration rate was not reduced. Pro- 
ted distention of the nephrons reduced 
glomerular filtration rate in subsequent 
ods at control pressure, but the osmolar 
‘entration of urine became lower than 
of the control kidney. The mechanism 
vater diuresis is discussed. 
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In stop-flow experiments performed dur- 
ing saline diuresis the osmolar concentration 
increased in samples delayed in the collecting 
ducts (Kiil & Aukland, 1960a). The main 
additional water abstraction and urea 
accumulation, however, occurred in the 
distal tubules where the sodium concentra- 
tion reached its minimum. Urea has been 
believed to add to the osmotic concentration 
of urine without being balanced by an os- 
motically equivalent amount of sodium salts 
in the papillary intestitium (Levinsky, Da- 
vidson & Berliner, 1959). In support of this 
hypothesis the distal part of the collecting 
ducts was found to be highly permeable to 
urea (Kiil & Aukland, 1960b). 


If urine was allowed to flow at reduced 


rate through the distal tubules and collecting 
ducts, the urea accumulating effect of the 
distal tubules and the water abstracting effect 
of the collecting ducts might be additive and 
therefore produce a marked increase in os- 
molar concentration. However, Levitt, Lévy 
& Polimeros (1959) found that the urine os- 
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molality fell when the filtration rate 
moderately reduced in dehydrated hu 
subjects. In experiments on dogs Levit 
et al. (1959) also showed that the osm 
concentration of urine fell when the glor 
ular filtration rate was reduced by more | 
30 per cent. 


Malvin, Wilde & Sullivan (1958) , 
that renal blood flow as judged from Py 
clearance continued uninfluenced du 
stop-flow periods. Kessler (1959) obse 
in experiments on dogs during saline diut 
that urine concentration decreased when 
flow of urine was stopped. In the fae 
reduced sodium load to the medulla, the] 
osmotic concentration of the interstitial w 
was believed to be reduced on account. 
washout effect by the persistent high me 
lary blood flow. 5 

Contrary to this finding it is shown ir 
present paper that osmolar concentratiot 
creases when ureteral pressure is raised 
a discussion of the concentration mechai 
of urine an alternative to the mul 
countercurrent hypothesis is presente 
analysis is undertaken of the relatio 
between renal pelvic pressure and the 
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Pelvic pressure (cmH,0) 
1. Relationship between intrapelvic pressure 
elomerular filtration rate im per cent of con 
1 values before elevating ureteral catheter. 


omerular filtration and renal blood flow. 
pothesis is proposed to explain “why 
ierular filtration rate and renal blood 
remain rearly unchanged even at a renal 
i¢ pressure of 50—60 cm water. 


METHODS 


<periments were performed on 14 anesthetised 
rel dogs weighing 15 to 23 kilos. Ureteral 
ters were tied into the renal pelvis to avoid 
influence of ureteral peristalsis when urine 
ad through the elevated catheter. In most 
‘iments the other kidney served as control, 
control periods at normal renal pelvic pressure 
he experimental side were always included. 
ction of 20—30 sequential samples following 
1 reduction of ureteral pressure to control 
was performed as previously described (Kiil 
ukland, 1961), 

line diuresis was induced by intravenous injec- 
of Pitressin (Parke Davis & Co.) at a rate 
0 mU per minute dissolved in 0.45 per cent 
| solution. Osmotic diuresis was induced by 
venous injection of glucose, urea or mannitol. 
ag high rates of urine flow hypotonic saline 
given’ in intravenous drip in order to prevent 
water and sodium loss. Glucose in serum 
irine was determined by the method of Nelson 
) and Somogyi (1952), mannitol by the me- 


thod of Corcoran & Page (1947). Creatine, PAH, 
urea, sodium, potassium and chloride were deter- 
mined by the methods previously listed (Kiil & 


- Aukland, 1960, b). - 


Blood pressure in aorta at the level of the renal 
arteries and pressure in the obstructed renal pelvis 
were recorded by means of Statham strain-gauge 
manometers connected to Sanborn amplifiers. Renal 
arterial blood flow before and after renal pelvic 
obstruction was simultaneously recorded by meamis 
of a square-wave electromagnetic flowmeter. The 
probe was placed directly on the renal artery. 


RESULTS 


Fig. 1. shows the percentile reduction in 
glomerular filtration rate when ureteral 
pressure was increased to various levels dur- 
ing different types of diuresis. No consistent 
reduction in glomerular filtartion rate was 
observed at ureteral pressures lower than 
50 cm water, and in several experiments 
considerably higher intrapelvic pressures 
could be maintained without reduction of glo- 
merular filtration rate. Increase in ureteral 
pressure reduces the rate of urine flow much 
more during saline diuresis than during os- 


motic or water diuresis. Trustworthy est- 


_imations of filtration rate at high ureteral 


pressures were only possible during osmotic 
diuresis. The relationship between ureteral 
pressure and reduction of filtration rate 
seems grossly independent of type of diuresis. 

Fig. 2 shows the relationship in two man- 
nitol loading experiments between renal 
blood flow and renal pelvic pressure express- 
ed in per cent of aortic diastolic blood press- 
ure. In these experiments the renal blood 
flow was reduced to 40—50 per cent of con- 
trol values when renal pelvic pressure was 
80 per cent of the diastolic pressure; the 
decrease started at a renal pelvic pressure 
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Fig. 2. Changes in renal blood flow and changes 

in renal pelvic pressure expressed in per cent of 

diastolic aortic blood pressure following complete 

obstruction of renal pelvis in two dogs during 

mannitol diunesis. 


of 30—40 mm Hg. In these experiments the 
renal pelvis was completely occluded so that 
the pressure approached maximal values 
within 6—8 minutes. In three other exper- 
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iments ureteral pressure was increased 
elevating the ureteral catheter and conti 
ous flow therefore allowed. During th 
experimental conditions the renal blood fi 
remained constant or even increased u 
ureteral pressures of 70 to 80 cm water. 
further increase of ureteral pressure, feé 
blood flow decreased to 20—30 per cent 
control value. At maximal ureteral pr 
ures, aortic diastolic blood pressure + 
approached but mean blood pressure 3 
never reached. At the highest ureteral pr 
ures there was close correlation betw 
changes in blood pressure and changes 
intrapelvic pressure. Pulse pressure j 
transmitted without considerable damp 


The highest ureteral pressures ¥ 
recorded during mannitol diuresis (15 
160 cm water) but pressures not more t 
10—15 cm lower were recorded during w: 
diuresis. During saline diuresis presst 
higher than 100 cm water were ra 
recorded, and in most cases the urine 


Kidney L R L R L R L R [E R L R L R 
Pelvic pressure(cmH 0) 0 tt) 60 0 80 0 100 «60 80 0 50 0 it) i) 
Urine flow(ml/min) 36 40 05 43 03 55 015 42 Qa2 33 05 44 2 «(29 
Ccr (ml/min) 64 62 64 68 68 35 «63 47 56 53 66 49 «55 
CPAH (ml/min) 126 124 149 138 148 103 139 126 «+119 127 140 122 «129 
Time (min) 0 - 10 30 - 40 72 - 82 130 - 140 160 - 170 185 - 195 210 - 220 


Fig. 3. Effect of increased ureteral pressure on urine composition during saline 
diuresis in the presence of antidiuretic hormone. 
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Fig. 4. Outflow patterns following reduction of ureteral pressure from 

60 to 0 cm (atmospheric pressure). Inulin injected 7.v. 40 seconds before 

start of sampling the ‘‘accumulated’” urine volume. Preceding periods 

demonstrate effects of ureteral pressure and Pitressin (Parke Davis 
& Co) on osmolar concentration and urine flow (tabular part). 


reduced to zero at ureteral pressures of | was reduced from 0.5 to 0.15 ml per minute 
-80 cm water. by increasing ureteral pressure (Fig. 3). 
Vhen ureteral pressure was elevated dur- The composition of urine, however, changed. 
saline/pitressin diuresis, osmolar concen- The urine contained less sodium at high 
ion of urine increased to 1400—1500_ ureteral pressures, whereas the concentration 
sm per liter. Reduction in urine flow of urea, potassium and creatinine increased 
2 0.3 to 0.1 ml per minute resulted in so that the total osmolar concentration re- 
ll further increase in osmolar concen- mained constant or increased slightly. In 
ion of urine. The osmolar concentra- post-experimental control periods the os- 
remained unchanged when urine flow molar concentration was lower than in urine 
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Fig. 5. Effect of increasing blood urea concentration 
at raised ureteral pressure. 


from the control kidney. This reduction was 
mainly due to a decreased output of sodium 
and its anions and was accompanied by a 
reduction of the glomerular filtration rate. 

When, following a short period of mode- 


600 
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rately elevated pressure, urine was allowed 
flow out by lowering the tip of the cathe 
to control level, the osmolar concentrafi 
of urine reached control values within f 
minutes. Inulin as an indicator of new f 
rate was injected 40 seconds before 1 
pressure was reduced. It is apparent fr 
Fig. 4 that the composition of urine appl 
ached control values as soon as urine due 
new filtrate appeared. The concentration 
urea remained high longer than the cone 
tration of the other urine constituents whi 
were determined (Aukland, 1961). Un 
osmolarity decreased from the first samp 
obtained from the kidney. In the tabular p: 
of Fig. 4, the diuretic and natriuretic 4 
of large doses of Pitressin (Parke Davis 
Co.) is demonstrated. Following a shi 
period of reduction in urine flow a nat 
uresis and high urine flow was produ 
which could be maintained for hours. 
Fig. 5 shows the effect of inducing a uw 
diuresis when ureteral pressure was 807 
water. Increase in urine flow was acco 
{ 
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Fig. 6. Effect of imereasing ureteral pressure during ‘ 


mannitol diuresis. | 
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ied by a large reduction in sodium con- 
ration so that the total osmolar concen- 
ion of urine fell. By further increase of 
eral pressure, the urine flow before urea 
linistration was re-established. Osmolar 
centration was now mainly due to urea 
remained essentially unchanged by 
her reduction of urine flow. 
. total of six experiments was performed 
ing large osmotic diuresis induced by glu- 
>, urea or mannitol. During these experi- 
ital conditions increase of ureteral press- 
with ensuing reduction in urine flow had 


ill or no effect on osmolar concentration | 


irine. Fig. 6 shows the results of an ex- 
iment performed during mannitoldiuresis 
h plasma mannitol concentration of 70— 
MmMol per liter (Pysonito)- Ureteral 
ssure of 158 cm did not increase osmolar 
centration of urine above control levels 
300 mMol per liter. At the highest press- 
s the urine became essentially sodiumfree 
| the concentration of potassium was re- 
ed. ; 

t has not in any of these experiments 
n possible to reduce osmolar concentra- 
1 by further elevation of ureteral pressure. 
f on account of the considerable equili- 
tion time needed, urine flows lower than 
ml per minute have not been examined. 
the highest ureteral pressures (Fig. 6) 
glomerular filtration rate was reduced to 
per cent or less of control values. 


DISCUSSION 


Mechanism of urine concentration. 


Nhen ureteral pressure is increased the 
y rate in the tubules and collecting ducts 
educed by the mechanism outlined in the 


preceding paper (Kiil & Aukland, 1961). 
The thick ascending limb of Henles loop 
evidently is water-impermeable even in the 
presence of antidiuretic hormone. This is 
apparent from the micropuncture studies of 
Gottschalk & Mylle (1959), who found that 
the fluid delivered to the distal tubules was 
highly hypotonic during saline diuresis, 
whereas the hypotonicity was less pro- 
nounced during osmotic diuresis. Reduction 
in flow rate through the thick ascending limb 
therefore probably would lead to more com- 
plete sodium reabsorption and reduction in 
osmolar concentration of the tubular fluid. 
Quantitatively the effect of flow. reduction 
would be greatest during osmotic diuresis, if 
it is assumed that an almost constant amount 
of sodium is reabsorbed from the thick 
ascending limb per unit of time. 


In the distal tubule water will be abstract- 
ed until osmotic equilibrium with the sur- 
rounding interstitial fluid is reached. When 
flow rate is reduced on account of raised 
ureteral pressure, the reabsorption of sodium 
in this water-permeable segment will further 
reduce the volume of isotonic fluid delivered 
to the segment of concentration. 

It now seems well established that urine 
is made hypertonic in the collecting ducts by 
equilibration with hypertonic fluid in the 
medulla of the kidney. How hypertonicity is . 
created remains unknown, but the hypothesis 
of the multiplier countercurrent system, in- 
troduced by Hargitay & Kuhn (1951) has 
been widely accepted. 

The present studies showed that the os- 
molar concentration of urine increased or 
remained constant when ureteral pressure 
was further increased, even when glomerular 
filtration rate was considerably reduced. The 
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sodium load delivered to the medulla within 
these limits did not seem to be the decisive 
factor for concentration of urine. 

The multiplier countercurrent hypothesis 
implies that the ‘‘single effect”, the sodium 
reabsorption only can take place against a 
small concentration gradient at all levels of 
the loop. High interstitial concentration is 
built up by the multiplication of this effect, 
during continuous flow through Henles loop. 
The optimal flow rate is not known, but the 
results of the present studies would suggest 
that further concentration occurs at much 
lower than normal flow. Furthermore, the 
multiplier countercurrent hypothesis implies 
that the ascending and descending thin limbs 
have different functional properties, although 
there is no experimental or structural evi- 
Kiil & Aukland 
(1960) assumed that the only water-imperm- 
eable segment of Henles loop was the thick 
ascending limb, and that sodium reabsorp- 
tion from the collecting ducts contributed to 
the further 
tion 


*dence in favor of this. 


increase in osmolar concentra- 
in the interstitial fluid of the renal 
papilla. The maintenance of hypertonicity, 
even when the delivery of sodium to the 
collecting ducts is very low, makes it less 
likely that high concentration of sodium in 
the inner zone is due to sodium reabsorbed 
from the collecting ducts. 


Berliner, Levinsky, Davidson & Eden 
(1958) presented the highly plausible hypo- 
thesis that both the ascending and descending 
thin limb reabsorbed sodium as the rest of 
the nephron, but postulated that the thin 
limb was almost impermeable to water. This 
additional assumption has been invalidated 
by the findings of Gottschalk & Mylle 


(1959) who found that the fluid in the thin 


limb at the turning point of the loop — 
also hypertonic. 

In a previous communication (Kiil, 19 
an alternative to the multiplier =a 
rent hypothesis was presented. It was assi 
ed that the thin limbs of Henles loop, like 
proximal tubules, were highly permeabl 
water independent of the action of : 
diuretic hormone, and that sodium coull 
actively ‘transported out of the descendi 
and ascending thin limb against an elect 
chemical gradient which was as small as, 
smaller than that of the proximal tubu 
The reabsorbate would accordingly be 
osmotic equilibrium with the fluid | 
lumen and the fluid in the adjacent it 
stitial tissue. When free water, by mech: 
isms outlined in the following, was remoy 
from the interstitial fluid and osmolar & 
centration accordingly increased, wa 
would be abstracted from the loop fluid ut 
osmotic equilibrium was reached. Sodi 
reabsorption would continue as long as ~ 
sodium concentration in interstitial fluid y 
not higher than in the fluid in the lumen < 
the osmolar concentration of the reabsorb 
would be identical with that of the loop fit 
If, for instance, the osmolar concentration 
and outside the tubular wall was 1200 mO 
per liter, the osmolar concentration of 
reabsorbate would also be 1200. Ison 
sodium reabsorption would therefore ¢ 
tribute to the maintenance of a high osme 
concentration which primarily was due 
abstraction of free water. 

The abstraction of free water from the t 
limbs of Henles loop may occur at two le 


1) Water is abstracted in the outer 
where the descending thin limb runs pa 
to the thick ascending almost waterimpe 
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> limb. The osmolar concentration of the 
bsorbate from this thick ascending limb 
st be high, since the fluid delivered to the 
al tubules is dilute. The maximal concen- 
ion gradient against which sodium can be 
bsorbed probably is so high that sodium is 
bsorbed from this segment at an almost 
stant rate under all types of diuresis. 

') Water is abstracted from the thin limb 
the inner zone where the osmolar concen- 
tion of the interstitial fluid is raised by 
a. As now seems well established (Kiil & 
kland 1960a,b) the distal part of the 


ecting ducts is highly permeable to urea. If 


thin limb of Henle’s loop is less permeable 
urea, urea will be osmotically active over 
s cell membrane and draw water from the 
p with ensuing increase in osmolar con- 
tration of the loop fluid. The isomotic 
bsorbate due to sodium transport would 
w a parallel increase in osmolar concen- 
tion. 


When the interstitial sodium concentration 
thus increased, more water will be ab- 
acted from the collecting ducts. This is 
owed by a further increase in urea con- 
tration in the collecting duct fluid and in 

interstitial fluid of the papilla. The 
ium concentration of the reabsorbate 
m the loop of Henle is therefore further 
reased. This dual mechanism might be 
ponsible for very high osmolar concen- 
tions in the inner zone. Since the loop of 
nle according to the data of Gottschalk 
al. (1960) is partly permeable to urea, a 
centration gradient for urea is finally 
ablished when nearly as much urea is lost 
the fluid of the loop as is removed from the 
lecting ducts. The loops of the inner zone 
y therefore have a higher concentration 


index for urea than for creatinine. A high 
urea/creatinine ratio may be present in the 
distal tubules of these nephrons, whereas it 
will be lower in distal tubules of cortical 
nephrons and nephrons which only dip into 
the outer zone of medulla. 


In the presence of antidiuretic hormone 
free water is accordingly abstracted from the 
nephrons at several levels: 1) from the thin 
limb of Henle’s loops by the mechanism out- 
lined; 2) from the distal tubules where the 
hypotonic fluid delivered from the thick 
ascending limb become isotonic; 3) from the 
collecting ducts where free water abstraction 
leads to hypertonicity (Fig. 7). The free 
water abstraction will be much larger from 
all these levels than during water diuresis, 
except from the thin limb in the outer zone 
and from the collecting ducts in the inner 
zone of medulla (Kiil & Aukland, 1961). 
Antidiuretic hormone seems to influence 
water permeability only in the distal tubules 
and collecting ducts in the outer zone. When 
ureteral pressure is increased, free water ab- 
straction from the distal tubules will be in- 
creased because reduced flow rate through 
the thick ascending limb has led to a more 
complete reabsorption of sodium and _ its 
anions. 

This also happens during mannitol diu- 
resis. During osmotic diuresis, however, it 
was shown that osmolar concentration did 
not increase further when ureteral pressure 
was raised, in spite of reduction of load 
delivered to the site of concentration. As 
discussed in the preceding paper (Kiil & 
Aukland, 1961) the maximal electrochemical 
gradient for sodium reabsorption in the 
proximal tubules is probably reached during 
free flow. The maximal gradient in the thin 
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limbs of Henle may be even lower, and no 
sodium will be reabsorbed from the thin 
limbs during osmotic diuresis. Sodium reab- 
sorption may, however, continue at unchang- 
ed speed from the thick ascending limb 
because the maximal concentration gradient 
is much higher in this segment. Most of the 
water abstraction from the isotonic urine 
delivered to the collecting ducts probably 
occurs in the outer zone and is due to the 
interstitial hypertonicity created by sodium 
reabsorption from the thick ascending limb. 
When the flow rate is high through the col- 
lecting ducts, as it is during osmotic diuresis, 
the increase in osmolar concentration will be 
less. More water will therefore be abstracted 
per unit of time (Kiil 1960). Since no sodium 
is reabsorbed from the thin limbs of the 
inner zone, the osmolar concentration will 
not be higher than in the outer zone, in 
accordance with results of tissue analyses 
(Malvin & Wilde 1959). Reduction of the 
flow rate through the collecting ducts in the 
inner zone will therefore not lead to increase 
in osmolar concentration of the urine. 
Evidently, medullary concentration of 
urine can be achieved without the operation 
of a multplier countercurrent system, wher- 
eas there seems no reason to assume that 
solutes are trapped and water disposed of 
by other means 


than passive exchange 


countercurrent of medullary capillaries. 


Renal haemodynamics 


Numerous attempts have been made by 
previous authors to relate the maximal press- 
ure in the obstructed renal pelvis to the 
glomerular filtration pressure, and values 
ranging from 40 to 110 mm Hg have been 
found. Assuming a pressure difference over 
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Tig. 7. Schematic drawing of Henle’s loop anc 
distal part of nephron indicating sites of free wate! 
abstraction (white arrows) during antidiures 

Distal tubulus and collecting duct in outer zon 
are water permeable only in) presence of antidin 
retic hormone (dotted “cell” intervals). Thin limb 
of Henle’s loop and collecting duct in inner zom 
are waterpermeable independent of antidiureti 
hormone (unbroken intervals). Thick ascendiny 
limb is relatively water impermeable (broken inter 

vals). 


the glomerular capillary wall of 25 mm He 
a maximal intretubular pressure of 45 mn 
Hg would fit with an estimated pressure i 
the glomerular capillaries of 70 mm Hg. Th 
maximal intrapelvic pressure measured dut 
ing this study is accordingly considerabl 
higher than any reasonable estimate of th 
glomerular filtration pressure. The a 
of ureteral activity can be excluded simpl 
because the catheter was: tied in the pelv 
ureteral junction. Studies in dog and 7 
hav shown that the activity of the sm 7 
. 
) 
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uscle cells of the renal pelvis only results 
| small, often not measurable, pressure 
uctuations (Kiil, 1957). 
Fig. 2 shows that the rate of blood flow 
reduced by 50 per cent when the intra- 
elvic pressure is 80 per cent of the diastolic 
ortic blood pressure. The difference in mean 
ressure between aorta and the glomerular 
pillaries is therefore: 


(Diastolic pressure + 1% pulse pressure) 
-(0.8 diastolic pressure + colloid osmotic 
ressure). This is roughly 0.2 times the dia- 
olic blood pressure. This is the pressure 
fference when the renal blood flow is half 
ie normal value. The pressure drop will be 
vice as large at normal renal blood flow 
the resistance in the preglomerular vessels 
mains unchanged. With a mean aortic 
ood pressure of 100 mm and a diastolic 
ood pressure of 80 m Hg, the normal 
omerular capillary pressure would accord- 
gly be 68 mm Hg. Intrapelvic pressures 
gher than the normal glomerular pressure 
ay therefore be intepreted as a consequence 
reduction in intrarenal blood flow without 
aking additional assumptions. 

However, Figs. 1 and 2 show that intra- 
alvic pressure may be 50 cm water or more 
ithout any reduction in glomerular filtrat- 
n rate and renal blood flow. These ‘obser- 
tions are in accordance with previous 
earance determinations (Selkurt, Brand- 
mbrener & Geller, 1952). — 

Gottschalk & Mylle (1956) suggested that 
e parallel rise in peritubular capillary press- 
-e and tubular pressure at iritrapelvic press- 
‘e up to 3540 mm Hg was due to com- 
ession of intrarenal veins and venules. 
ince renal blood flow, as shown in the pre- 
nt study, is not reduced at this intrapelvic 


pressure, the total resistance of the intra- 
renal vessels has remained unchanged. Since 
tubular and capillary pressures are almost 
identical, the interstital pressure is probably 
of the same order of magnitude. The trans- 
mural pressure, which is the distending 
pressure, will therefore remain unchanged. 
The hypothesis is therefore advanced that if 
interstitial fluid pressure is transmitted to the 
capillaries, there will be no change in trans- 
mural pressure and the resistance will .re- 
main unchanged. 


Gottschalk & Mylle (1957) found prox- 
imal tubular pressures of 10—15 mm Hg 
in rats. Assuming a pressure in the glomer- 
ular capillaries of 70 mm Hg, it follows that 
the main resistance to flow of preurine 
through the nephron is probably localised in 
the glomerular membrane, where the press- 
ure drop would be of the order of 30 mm Hg. 
When tubular and intracapsular pressures 
were increased, there would be a similar in- 
crease in pressure in the glomerular capillar- 


ies. The blood flow through the capillaries 


and the glomerular filtration rate would re- 
main unchanged. In spite of the large pores 
of renal capillaries, one might expect that 
pressures were not completely transmitted, 
and that there would be a tendency to reduct- 
ion in blood flow and filtration rate at all 
levels of ureteral pressure. 

The main resistance in the renal vascular 
system is localised in the pre- and post- 
glomerular arterioles. It is conceivable that 
the tone of this muscular structure is a funct- 
ion of the transmural pressure. Increase in 
blood pressure leads to constriction so that 
the blood flow remains essentially constant 
(renal auto-regulation). Increase in inter- 
stitial fluid pressure would be more poorly 
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transmitted through the muscular structures 
of the preglomerular arterioles than through 
the wall of the capillaries. The transmural 
pressure would therefore be reduced. In- 
crease in interstitial pressure may accord- 
ingly have the same effect as reduction in 
blood pressure: dilatation of the arterioles. 
This hypothesis is advanced in order to ex- 
plain that in a few of our experiments an in- 
crease in blood flow was observed up to a 
ureteral pressure of 80 cm water. 


SUMMARY 


Rate of urine flow during saline diuresis 
in-the presence of antidiuretic hormone..was 
reduced in 14 anesthetised dogs by inereas- 
ing ureteral pressure. Urine concentrations 
of 1400—1500 mMol per liter were reached. 
Reduction in urine flow to less than 0.3 ml 
per minute by further increase of ureteral 
pressure did not lead to significantly higher 
urine concentration. During mannitol diu- 
resis osmolar concentration remained almost 
constant at all levels of pressure. At the 
highest obtainable pressures (150—160 cm 
water) the urine was almost sodium-free. 


An alternative to the multiplier counter- | 


current hypothesis for the concentration of 
urine is presented, assuming that the thin 
limbs of Henle’s loop are water-permeable 
and able to transport sodium only against a 
small concentration gradient. 

Recording by means of an electromagnetic 
flowmeter showed that renal blood flow re- 
mained constant (or increased slightly) up 
to ureteral pressures of.70—80 cm water. On 
further increase in pressure, renal blood flow 
decreased to 20—30 per cent of control val- 
ues. Clearance determinations showed. that 


ureteral pressure might be increased to moi 


than 50 cm of water without consistent 
ductions of glomerular filtration rate. T 
constancy of blood flow and glomerular a 
ration rate at moderate increase of ureter, 
pressure is assumed to be due to unchange 
transmural pressure in the water- permeabh 
renal capillaries. 
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THE EXCRETION OF VANILMANDELIC ACID 
IN THE URINE OF SCHIZOPHRENICS 


By K, PIND ano A. FAURBYE 


From Sct. Hans Hospital, Dept. D., Roskilde, Denmark. 


(Received for publication September 24, 1960) 


Vanilmandelic acid (VMA = 3-methoxy- 
4-hydroxy-D-mandelic acid) is one of the 
most important metabolic products of adre- 
naline and noradrenaline. The infusion of 
adrenaline and noradrenaline labeled with 
radioactive carbon in animals and humans 
has demonstrated that only 2 to 4 per cent 
are excreted in the urine in the original state, 
while the remainder is excreted as metabolic 
products, including vanilmandelic acid. 

The metabolism of adrenaline and nor- 
adrenaline is of increased interest to psy- 
chiatrists after Hoffer, Osmond & Smythies 
(1954) proposed the theory that the trans- 
formation of adrenaline to adrenochrome is 
the cause of schizophrenia. 

The present report concerns an investiga- 
tion of the spontaneous excretion of VMA 
in chronic schizophrenics as compared to 
normal control persons under standardized 
conditions. 


Patients and Controls. 


35 schizophrenics were investigated. They 
were from 20 to 69 years old (the average 
age was 51 years). The average duration of 
the psychosis was 20 years. The diagnosis 
was indisputable in all cases, on account of 


autism, hallucinations and delusions. 
patients had no pharmacotherapy during t 
investigation. ; 

Moreover, 20 controls (employees) fro 
22 to 50 years of age (average age 37 year 
were examined. 


Patients and controls were all females. 


PROCEDURE 


The day before the investigation the experi 
tal person took ordinary diet, but had no c 
and fasted from 9 p. m. On the day of the inv 
gation the participant passed urine at 7 a. m. 
drank 400 ml water. At 9 a. m. urine was pass 
again, and the urine sample from 7 till 9 o'clo 
was investigated. The participant was up and ca 
ried out her normal work during the investigatic 


METHOD 

The determination of the quantity of VMA w 
carried out essentially as described by Ane 
Shaw & Wall (1956) by paper-chromatograpl 
The first direction: isopropanol-water-ammoniui 
hydroxide (25 per cent) (40:9:1). Second di 
tion: benzene-propionic-acid-water (20:14:1). 
scanning of the spots after dying with diazot 
sulphanilic acid was done by a photometer 
comparison with standard chromatograms co 
ning known quantities of VMA, using synt 
D,L-VMA which was kindly given us by M. 
Armstrong. 
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RESULTS 

\s will be seen from the table there was 
difference in the excretion of VMA in 
onic schizophrenics and normal controls 
r 10 to 12 hours fasting, either as regards 
centration, total amount or in proportion 
the amount of total nitrogen excreted. 

\s we originally had another purpose with 
; investigation, the excretion of VMA was 
y determined in proportion to nitrogen in 
ertain number of the participants. 


DISCUSSION 
Armstrong & Macmillan (1957) and Arm- 
ong, Macmillan & Shaw (1957) demon- 
ated that VMA normally occurs in urine, 
1 that approximately 30 per cent of in- 
ed noradrenaline is excreted as VMA. 
e€ major part probably originates from 
‘adrenaline, but it may also derive from 
‘enaline. Similar results were attained bv 
rschner, Goodall & Rosen (1958), Goodall 
59) and Axelrod (1959). 

Studnitz (1960), who uses high voltage 
ctrophoretic separation of phenolic acids, 


found the same normal values of the excre- 
tion of VMA as we did. 

Mann & La Brosse (1959) examined the 
excretion of VMA in 24 hour samples in 
normal persons and chronic schizophrenics 
who had the same diet during the investiga- 
tion period, and found no difference between 
the two groups. 

In agreement with these results Bergsman 
(1959) was-not able to find any difference in 
the excretion of adrenaline and noradrenaline 
in the urine of normal persons and chronic 
schizophrenics when they were examined at 
rest. By the injection of insulin he was able 
to cause a rise in the excretion of adrenaline 
and noradrenaline but the rise was not signi- 
ficantly different from that of normal con- 
trols. Adrenaline and noradrenaline were 
determined by a biological method. 

Nor did we during our investigation of 
the excretion of VMA in the urine find any 
difference between the normal persons and 
the schizophrenics, but this does not refute 
the theory of Hoffer, Osmond & Smythies 
(1954) which assumes that in schizophrenics 


Table I. Excretion in urine from schizophenics and controls of VMA from 7 to 
9 a.m. under standardized conditions. The excretion of VMA is indicated per 2 
hrs., per ml urine and in proportion to the excretion of total nitrogen. (These in- 
vestigations had originally another purpose and therefore VMA was only deter- 
mined in proportion to N in 20 of the schizophenics and in 11 of the controls.) 


Schizophrenics 


resis ml/2 hrs. 
e/2 hrs. ...... 
[A ug/2 hrs.... 
[A up/ml...... 


Number | Average |Maximum Minimum| Num 


Controls 


a 


ber | Average |Maximum| Minimum 


510 50 
1030 549 
483 240 
8.37 1.19 
841 320 
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a small part of adrenaline is transformed to 
adrenochrome which poisons the organism 
and causes the schizophrenic symptoms. It 
has not been possible to verify this theory, 
as the presence of adrenochrome in the blood 
of schizophrenics has not been proved 
(Randrup & Munkvad (1960) and others). 

In connection with the discussion of Hof- 
fer, Osmond & Smythie’s theory on the ab- 
normal metabolism of adrenaline as the cause 
of schizophrenia it may be mentioned that 
Kemali (1960) found that an extract of aro- 
matic substances (Decker’s method) from 
the urine of schizophrenics was more toxic 
when injected into mice than an extract from 
the urine of normal persons. A critical review 
of the many studies of the toxidity of urine 
and serum from schizophrenics by different 
authors is given by McGeer & McGeer 
(1959): 


SUMMARY 

The spontaneous excretion in the urine 
of 3-methoxy-4-hydroxy-D-mandelic acid 
(VMA) was investigated in chronic schizo- 
phrenics and normal controls under stan- 
dardized conditions. No difference was found 
between the two groups as to the total 
amount excreted, concentration in urine and 
the proportion of VMA to the amount of 
total nitrogen excreted. 
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BA VGEN SOLS SOCIATION CURVE. OF 
HUMAN BLOOD EQUILIBRATED WITH HIGH 
CONCENTRATIONS OF OXYGEN 

By C. E. G. LUNDGREN! 


From the Laboratory for the Theory of Gymnastics, 


Umiversity of Copenhagen, Denmark. 


(Received for publication October 27, 1960) 


Previous studies of the dissociation curve 
oxyhemoglobin of normal human blood at 
ygen tensions above 120 mm mercury have 
‘the most part been concerned with in vivo 
iditions. According to information given 
Nahas, Morgan & Wood (1952), who 
rked with a cuvette oximeter for deter- 
nation of oxygen saturation and polarogra- 
ic measurement of oxygen tensions of the 
od, an oxygen tension of 400 mm mercury 
required to produce complete saturation of 
noglobin in vivo. Results obtained by 
organ, Wood & Helmholz (cited by Nahas 
al. 1952) from im vitro studies with a 
arograph are claimed to agree closely with 
ir in vivo results. Using a spectrophoto- 
tric method, Hickam & Frayzer (1952) 
served that in vitro saturation of blood at 
oxygen tension of 630 mm caused a gain 


Present address: Aero-Medical Laboratory, 
titute of Physiology, University of Lund, 
eden. Z 


in oxygen saturation of approximately 2 per 
cent as compared to the saturation obtained 
by oxygen tensions existing in air at sea 
level. Their results do not indicate, however, 
at which oxygen tension full saturation is 
first-reached. 

The present study is an 
increase the sparse information available 
on the oxygen dissociation curve of hu- 
man blood equilibrated im vitro with oxygen 
tensions of above 100 mm _ mercury. 
Owing to its widespread use in research 
work, it seemed justifiable to try the gaso- 
metric technique described by Peters & Van 
Slyke (1932) for the determinations of the 
oxygen saturation of the blood. Precautions 
were taken to minimize the errors in hema- 
tocrite pointed out by Roughton, Darling & 
Root (1944) which may be introduced when 
the blood drains off the walls of a tonometer. 
Instead of using their correction method, de- 
pendent on blood and tonometer volumes, a 
bubble tonometer was used in which the wall 


attempt to 
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that could withhold plasma was kept in small 
proportions relative to the volume of the 
blood sample. In order to reduce the im- 
portance of inactive forms of hemoglobin, 
blood was taken from nonsmokers and the 
experimental procedure was planned so as to 
avoid irregularities in reactivation of such 
pigment. 


METHOD 


Sampling and equilibration. Blood was obtained 
from twenty healthy adult nonsmokers. The sub- 
jects are represented at random in the series of 
different oxygen tensions. All objects that came 
im contact with the blood had either been sterilized 
or thoroughly cleaned with detergent, hot and 
distilled water. Thirty ml of blood were drawn 
from the cubital vein into a syringe, the dead space 
of which contained a one per cent solution heparin. 
After mixing with two more drops of heparin the 
blood was divided into two equal parts in two 30 
mil test tubes. A few drops of fluid silicone defoamer 
were then deposited on the surface of the blood. 
The test tubes were sealed off with rubber stoppers, 
pierced with a cannula and a 1 mm bore polyethy- 
lene tube extending to the bottom, and transferred 
to the saturation bath. This consisted of a water 
container in which water was kept at a constant 
temperature of 37 + 0.15° C by means of a ther- 
mostat and circulated by means of a stirring device. 
The gas mixtures for the saturation of the blood 
samples were bubbled through water-filled test 
tubes which served as moistening devices and were 
transferred to the blood samples by the aforemen- 
tioned polyethylene tube. The test tubes with their 
stoppers and connections were all submerged during 
the bubbling periods except for the cannula. Bubb- 
ling through the blood served the dual punpose of 
saturation and stirring. Overflowing gas escaped 
through the cannula in the rubber stopper. The 
equilibration time lasted for at least one hour 
which proved to be sufficient. This was indicated 
by the absence of any tendency of a rise in the 
results in the second of duplicate analyses of oxy- 
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gen content in the blood samples. Gas mixtur 
were stored in pressure cylinders and delivers 
through reducing valves at a constant flow % 
about 7 ml per minute. Barometric pressure throug] 
out the investigation was 761 = 10mm mercur 
Two experimental series were made. Series | 
Fifty sets of analyses of the type described belo 
were made. One blood sample was continuous 
bubbled through with a mixture of oxygen at 
5.5+0\1 per cent carbon dioxide. The oxygi 
capacity was derived from analyses on this bloo 
In the other tube, equilibration was made wi 
5.5 £01 per cent carbon dioxide and varyis 
oxygen-nitrogen mixtures, giving oxygen-tensioi 
between 100 and 650mm of mercury. The bloc 
from this tube was analyzed for oxygen conter 
When, in some cases, the same sample was us 
for equilibration with two gas mixtures the seco! 
was always richer in oxygen than the precedin 
Series II: Fifty-one sets of analyses were mac 
All blood samples were first saturated with ox 
gen and 5.50.1 per cent carbon dioxide. Aft 
60 to 90 minutes, samples for analysis of oxyg 
capacity were taken and the blood then expos 
to one of the mixtures with varying oxygen perce 
tages. When samples for determination of the ox 
gen content constituted the second phase, the ‘blo 
was finally rebubbled with the oxygen-carbon dio 
ide mixture for the second determination of oxyg 
capacity. 


Analyses and calculations. The composition 
the gas mixtures was analyzed in duplo before ea 
experiment according to the technique described 
Scholander (1947) and the gas tensions calculat 
from barometric pressure minus the tension 
water vapor (47 mm mercury at 37° C). 

When samples were taken for analysis of 1 
oxygen content, the test tube containing blood ¥ 
lifted out of the water, and the plastic tube exte 
ding to its bottom was disconnected from the mo 
tening tube and connected to a 1 ml Ostwald : 
pette. Blood was forced into the pipette by injecti 
air through the cannulas over the blood surfa 
Care was taken to let only a few-seconds el 
between the interruption of the bubbling and 
filling of the pipette, the blood being analy 
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nediately afterwards. Analyses of the oxygen 
tent of the blood samples equilibrated with the 
ious oxygen tensions were made according to 
manometric method described by Peters & Van 
ke (1932). Reduction for physically dissolved 
mgen, expressed as volume percent, was made 
h the factor 0.0031 times the oxygen tension 
mm mercury (calculated from Table 12, page 7: 
S. Dittmer & R. M. Grebe. Handbook of Respi- 
ion 1958). The determinations made on blood 
ilibrated with the oxygen-carbon dioxide mixture 
re considered to give the oxygen capacity of the 
od. Saturation figures were obtained by expres- 
g the oxygen content of blood samples equili- 
ted at the several oxygen tensions as percentage 


the oxygen capacity. All figures were obtained: 


m the averaged values of dublicate analyses of 
same sample with the exception of the analyses 

oxygen capacity in series II in which equili- 
tion and analysis of the oxygen content at the 
yer oxygen tension was interposed between two 
gle determinations of capacity. The analyses 
series I were made by a less experienced worker, 
ereas those of series II were handled by a highly 
lled technician. 


RESULTS 


The results from series I and II, are pre- 
ited in Figs. 1 and 2 respectively. Satura- 


100 200 300 400 500 
Oxygen tension , mm Hg 


- 1. Percentage Qg saturation of human whole 
od from 20 subjects. Blood samples directly 
yosed to the various oxygen tensions (Cf. legend 
Fig. 2). Blood at about 650 mm Hg was assumed 


to be 100 per cent saturated. 
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Fig. 2, Percentage Og saturation of human whole 

bleed from 20 subjects. Blood samples pre-treated 

at about 650mm Hg oxygen tension before expo- 

sure to the various lower oxygen tensions. Blood 

at about 650mm Hg was assumed to be 100 per 
cent saturated. 


tion percentage is plotted versus oxygen 
pressure. Each dot in Figs. 1 and 2 repre- 
sents the result of duplicate analyses as de- 
scribed above. The curves were drawn in- 
dependently. Starting with a saturation of 
about 96.5 per cent at an oxygen tension of 
about 100 mm mercury where the observation 
points, however, are few, the curves proceed 
in an asymptotical fashion to between 99 and 
99.5 per cent saturation at the oxygen ten- 
sion of 200 mm mercury and 100 per cent 
saturation at about 370 mm mercury. 


DISCUSSION 


The concentrating effect upon blood exert- 
ed by certain tonometers as pointed out by 
Roughton ef al. (1944) seems to be un- 
important in the present experiments, as the 
bubble tonometers used have no appreciable 
surface capable of withholding plasma. 

The possible disturbing influence of the 
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presence of COHb in blood and/or gradual 
reversion of inactive pigments on determina- 
tion of oxygen content of blood has also been 
stressed by Roughton et al. (1944). These 
sources of error are likely to have been 
avoided by using non-smokers as_ blood 
donors and by the extended equilibration 
times. This belief is furthermore supported 
by the complete agreement between the 
curves in Fig. 1 (from series I) and Fig. 2 
(from series II). Even if the equilibration 
procedures at the various oxygen tensions in 
series I might have resulted in a varying de- 
gree of reactivation of inactive pigment, this 
possibility should have been eliminated in 
series II in which all samples were first 
equilibrated for more than an hour with an 
oxygen tension of about 650 mm mercury. 
The lack of difference between the two series 
in this respect is in full agreement with the 
findings of Hickam & Frayzer (1952). Any 
real difference in oxygen absorption of 
samples equilibrated at adjacent oxygen 
tensions due to inactive pigment would also 
have been diminished above 370 mm mercury 
in series I. The greater dispersion of the re- 
sults in series [ as compared to series II is 
mainly due to the lesser skill of the analyst 
of the former. 


The oxygen dissociation curve within the 
lower range of oxygen tensions studied in 
the present work has been the interest of 
several workers (see below) and is usually 
regarded as well defined. Thus the saturation 
in arterial blood at 100 mm mercury cor- 
responding to air breathing at sea level is 
reported to be 97 to 98 per cent. It is poss- 
ible, however, that saturation values of too 
high a level might have been obtained in 
some instances. Bartels & Harms (1959), in 
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experiments with im vitro equilibration at 
gasometric analyses, arrived at full satt 
tion at about 200 mm mercury. As reali 
by them, their figures for oxygen capaci 
are too low, as full saturation was regar 
to occur at 200 mm mercury. The results” 
Roughton and associates (1944) may I 
been influenced in the same way, as f 
based their calculation of 97 per cent satur 
tion at about 100 mm mercury on deter 
tions of oxygen capacity made on blo 
equilibrated with atmospheric air. The s 
circumstances may play a part in the ob 
vations of Wood & Cronin (1949). TI 
found about 98 per cent saturation at I 
mm of mercury after in vivo equilibratic 
with air. The corresponding oxygen cap 
cities were measured on blood saturated 
witro with air. As pointed out by Hickam 
Frayzer (1952) and Bartels & Hate 
(1959), the oxygen capacity of blood equi 
brated at 150 mm mercury may gain abo 
2 per cent in saturation if the oxygen 
sion is increased sufficiently. An examp 
may show the significance of this: the ox 
gen content of a blood sample at a giv 
oxygen tension is 19.6 vol. per cent and # 
reference sample contains 20 vol. per cent 
150 mm mercury, which yields a saturati 
of 98 per cent. If the oxygen capacity 
20 vol. per cent is increased by 2 per cent 
saturation, it becomes 20.4 vol. per cent 
the saturation will instead become 96.1 
cent. In determinations on whole blood f 
seven subjects with a spectrophotom 
method, Hickam & Frayzer found 
saturations of 97.4 per cent at 146 mm 
and 94.6 per cent at 97 mm Hg. The eqt 
bration in vitro lasted two hours and 
oxygen capacity was derived from equili 
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on 


s at 637 mm mercury. Nahas ef al. 
12) measured oxygen content with a 
le blood oximeter and oxygen tension 
rographically on in vivo saturated blood. 
gen saturation on breathing air with an 
med oxygen tension in blood of 100 mm 
cury was found to range approximately 
een 97 and 98 per cent. The blood was 
idered fully saturated when its oxygen 
ion was 400 mm mercury or greater. 
he results of the present investigation 
cate a rather low saturation of 96 to 97 
cent at an oxygen tension of 100 mm Hg. 
results, however, are based on too few 
surements at this range of oxygen ten- 
to settle the question of the oxygen 
ration of human blood at 100 mm mer- 
arlier investigations at higher oxygen 
ions are for the most part in accordance 
| the present. In their above mentioned 
k, Nahas et al. (1952), on in vivo satu- 
d blood, found about 99 per cent satura- 
at 200 mm mercury which is in agree- 
t with the present study. They state that 
oxygen tension of 400 mm mercury is 
ired to produce practically complete 
ration of hemoglobin in vivo. The same 
> of affairs is indicated by the im witro 
ies of Hickam & Frayzer (1952) who 
id an increase of 2 per cent in saturation 
n blood saturated at the oxygen tension 
ting in air at sea level was compared to 
d saturated at 630 mm mercury. Among 
rs, Matthes and co-workers (1937), in 
k with an ear oximeter, have lent sup- 
to the results indicated above. They 
id an oxygen tension of 300 mm mercury 
ssary for complete hemoglobin satura- 


SUMMARY 


The present results obtained with the gaso- 
metric method of Peters & Van Slyke 
(1932) on whole blood equilibrated in vitro 
are in accordance with the views of various 
other workers. It was found that the chemic- 
ally bound oxygen in human blood increases 
up to an oxygen tension of about 370 mm 
mercury where 100 per cent saturation is 
reached when blood equilibrated at a pO, of 
650 mm mercury is assumed to be fully 
saturated. This assumption seems justified 
in that the average saturation is the same, 


100.0 per cent, both for the 20 values in 


Fig. 1 and the 7 corresponding values in 
Fig. 2 that were obtained at tensions above 
370 mm mercury. © 


This work was made possible by a grant to the 
author from Ebba og Herman Bings Legat. 
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When the previously (Asmussen & Niel- 
1 1958) described bubble method for deter- 
nation of arterial oxygen tensions (P.o,) 
s used at high oxygen tensions (200—300 
n Hg) it was found that the systematic 


‘rection for Pao, was much larger than at 


rmal or low oxygen tensions. In the latter 
se it was —0.5 to +1 mm Hg, but at high 
ygen tensions it was +22 to +27 mm Hg. 
e main reason for this large correction is 
it a certain fall in the oxygen content of 
> blood during the bubble equilibration 
1¢ will cause a much larger decrease in 
yod oxygen tension because of the almost 
rizontal shape of the oxygen dissociation 
rve at these high tensions. This alone, 
wever, could not explain the large differ- 
ce. As all precautions were taken to mini- 
ze the loss of oxygen to the surrounding 
ids (paraffin oil in the syringes, rinsing 
id, etc.) it seems possible that the dis- 
pearance of oxygen from blood stored at 
> C actually was larger at a high Pj» than 


lower values of Po, For this reason it 


s decided to study the disappearance of 


oxygen from blood which was kept anaero- 
bically at 37° C for different lengths of time. 
The following conditions were investigated: 
heparinized blood equilibrated with air mix- 
tures of a) 5.4 per cent CO, and 94.6 per 
cent O3, b) 10 per cent CO, and 90 per cent 
Os, c) 5.4 per cent CO, and 15 per cent O, 
in Nz, and d) heparinized venous blood 
drawn directly from an antecubital vein. 
Additionally, blood equilibrated with 5.4 per 
cent CO, and 94.6 per cent O, was mixed 
with fluoride (1 mg per ml blood) or sodium 
cyanide (0.065 mg/ml and.1 mg/ml) and the 
disappearance of oxygen determined. 


METHODS 


About 20 ml of freshly drawn venous blood was 
mixed with a few drops of a heparin solution and 
placed in a test tube of about 25 ml capacity. A tiny 
drop of an anti-foam solution was added and the 
blood was then placed in a thermostated waterbath 
and bubbled through with the pre-heated, moistened 
air mixture for about 100 minutes. The blood was 
now transferred to a sampling tube, previously 
filled with mercury and also kept in the waterbath. 
A second, mercury filled, sampling tube was con- 
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nected to the first through a mercury filled poly- 
ethylene tube, avoiding trapping of air in the 
system. By maneuvering the stopcocks and level- 
ing bulbs of the two sampling tubes the blood 
could be thoroughly mixed. Samples for analysis 
were taken by disconnecting the polyethylene tube 
from the sampling tube and connecting it to a | ml 
Ostwald-pipette. Samples for analysis were taken 
at intervals through approximately 4 hours. The 
blood samples were analyzed immediately for CO2 
and Og content with the Van Slyke apparatus. 


RESULTS 
The results from 3 series of experiments in 
which the blood was equilibrated with air 
containing 94.6 per cent O,, 15.6 per cent 
Oz, or was used directly as venous blood 


(oxygen content about 6 vol. per cent) a 
shown in Fig. 1. Because the scattering 
the first analyses usually was a little a 
than the scattering of the second analyse 
these latter were used as the starting poin 
from which the disappearance of oxygen wa 
calculated. The rate of disappearance 
0.525 vol. per cent per hour ‘at. thew 
oxygen content, 0.375 vol. per cent per h U 
at normal arterial oxygen content and 0.2) 


vol. per cent per hour in the venous bl 
In the series where the CO, percent in t 
equilibration mixture was 10 and the 
percent 90, the disappearance rate was 0. 55 
vol. per cent per hour (Fig. 1, below). ’ 
he addition of fluoride (1 mg/ml). ; 
| 


venous blood 


mixtures at 37° C. Signatures mark different subjects. 


fe =o = re oe Aco | 
‘ x 
“SS ie : OD . 
3 4 hours 
Fig. 1. Fall in oxygen content of blood equilibrated with different air 
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Fig. 2. Fall in oxygen content of blood equilibrated with air 
mixture of 5.4 per cent COs and 94.6 per cent Oz with addition 
of cyanide or fluoride. Signatures mark different subjects. 


nide (0.065 mg/ml or 1 mg/mi) had no 
surable effect on the rate of disappear- 
e of oxygen from blood equilibrated with 
) per cent oxygen as is shown in Fig. 2 


COMMENTS 


xygen disappears from drawn blood when 
blood is kept at body temperature. The 
1er the oxygen tension of the blood, the 
1er is the rate of disappearance. Partly for 
reason and partly because of the shape 
he oxygen dissociation curve for blood, 
fall in oxygen tension is much larger at 
high values of blood P,. Converted to 


ion, the disappearance rate would be 
roximately 175 mm per hour or 3 mm 


per min. when the Hb is fully saturated (1. e. 
above 400 mm een but only about 20 mm 


per hour (0.3 mm Hg per min.) at a blood 
Po, of about 100 mm Hg. In venous blood 


the rate is negligible, only about 1 mm Hg 


per hour. 
It is generally assumed that the disappear- 


ance of oxygen from shed blood kept at 
37° C is due to oxygen consumption of the 
blood cells (see Douglas 1909, Berggren 
1942). The parallel increase found in CO,- 
content of stored blood makes this assump- 
tion justifiable. Douglas found that fluoride 
could delay this metabolism, and cyanide has 
also been suggested as a means of stopping 
it. The present experiments confirm, how- 


ever, the findings of Lambertsen, Bunce, 
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Drabkin & Schmidt (1952) that neither 
fluoride nor cyanide has an appreciable 
effect on the disappearance of oxygen. 

The increase in CO,-content that occurs 
concomitantly with the fall in oxygen content 
(Douglas 1909) was also found in the ex- 
periments presented here. However, due to 
the technical difficulties in determining the 
CO,-content accurately enough with the Van 
Slyke method, the precise increase per hour 
could not be calculated and, therefore the 
R.Q. of the processes taking place in the 
blood could not be determined. 

The experiments have shown that the dis- 
appearance of oxygen from blood stored at 
body temperature can reach an appreciable 
size, especially when the Hb is completely 
saturated. The resulting fall in Po. is of such 
a magnitude that special corrections have to 
be made, for example, when determinations 
of arterial P,, are made on shed blood. 


SUMMARY 


Oxygen disappears from blood stored 


anaerobically at 37°C. The rate of dis- 
appearance was 0.525 vol. per cent per hour 


ata Po. above 400 mm Hg, 0.375 vol. pe 
cent per hour at a Py, around 100 mm H 


and only 0.200 vol. per cent per hour | 
venous blood. Converted to tension the fa 
would be about 175 mm per hour at hig 
Po, 20 mm per hour at normal arterial EB 


and only about 1 mm Hg per hour at venot 
Po,- Addition of fluoride or cyanide had t 


measurable effect on the rate of disappea 
ance. 4 


. 


‘ 
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RAPID DETERMINATION OF UREA BY 
A MODIFIED CONWAY TECHNIQUE 
By I, HOLM-JENSEN 
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he simple and accurate micro-diffusion 
sedure for the determination of urea in 
Il samples of blood developed by Conway 
33), Abelin (1938), and Conway & 
[alley (1942) is used in many clinical 
ratories. : 

1 this analysis, urea is converted to am- 
lia by means of urease. By the subse- 
at addition of alkali 
‘ated and absorbed in a solution of boric 
, which, after a sufficient lapse of time 
nearly quantitative transfer to take place, 
itrated to its initial pH with standard 
rochloric acid. The duration of this 
ysis is about 114 hours, but it can be 
eciably shortened if stirring is applied 
ng the diffusion period. 

procedure allowing the above analysis 
completed in about 30 minutes with 
about 5 minutes expended on manipula- 
; in each analysis is described below. 

he present modification of the Conway 
edure has been worked out with 0.1 ml 


the ammonia is 
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samples of known solutions of ammonium. 
sulphate and urea and with blood plasma. 
The principal features are: 


The enzymatic conversion of urea into 
ammonia takes place in a volume of fluid, 
about 0.125 ml, which is only slightly 
larger than the volume of the sample. 


After the completion of the enzymatic 
reaction 1.0 ml of saturated potassium 
carbonate is added, and rapid liberation 
of ammonia occurs due to the solution 
being nearly 90 per cent saturated with 
potassium carbonate. 


Agitation is applied to the Conway units, 
rendering manual stirring superfluous, 
and increasing rate of transfer of the am- 
monia. 


Magnetic stirring is applied during the 
titration. 
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METHOD 


List of Laboratory Equipment 


1. Modified Conway units (Fig. 1A). In the 
suter chamber of a Conway standard unit is ground 
a cylindrical recess, diameter 9mm, depth 3mm, 
the bottom of which must be flat. 


2. Special lids for the Conway units (Fig. 1B). 
The lid is a circular disc made of ‘‘Perspex”. 
The diameter, 68mm, is the same as the outer 
diameter of the rim of the Conway unit. The lid 
is provided with a knob, and along the rim of the 
lower surface there is a circular rabbet, depth 
about 0.5 mm, to accommodate the upper rim of the 
Coniway unit. 


3. Stainless steel balls, diameters 3mm, for stir- 
ring the fluid in the cylindrical. recess described 
above. (Glass beads are not suitable for this pur- 
pose). 


4. Stirring device, consisting of a sloping turn- 
table (slope 18°, 16 revolutions per minute), as 
recently described by the author (Holm-Jensen 
1960 c) for mixing the sample and reagents and 
for stirring during the diffusion period. 


5. Magnetic stirring device to be used for the 
titrations. — The arramgement described by the 
author (Holm-Jensen 1960 b) for use with the 
Conway No. 2 units is adapted to the Conway 
standard units by replacing the ring on the roof 
oi the box containing motor and stirring magnet 
by a larger one. (However, the use of magnetic 
stirring during the titration is not indispensable in 
the analysis described.) 


6. Stirring bar (Fig. 1C) made of iron wire, 
18x 1mm enclosed in a glass tube, 22x 2mm, the 
middle of which is slightly bulbous, as shown in 
the figure. 


7. Burette. — The 0.1 ml burette described by 
the author (Holm-Jensen 1960 a) is very conveni- 
ent for the titrations. 
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22mm 


Modified Conway unit with lid and magnetic st 
ring bar. 


Solutions and Reagents 


1. Boric acid reagent with indicator: 
Boric acid 


0.1 per cent alcoholic solution 
of bromocresol green . 
0.1 per cent alcoholic solution 
of methyl red 


Before use it may be necessary to adjust 1 
solution to the desired end-point colour by the ad 
tion of a small quantity of alkali. 


2. Urease solution. Urease (Sigma, Spe 
Purity, Type V), 0.1 ¢g is dissolved in 10 ml 
tilled water. Stored at 0° this solution will | 
for several weeks. 


3. Saturated solution of potassium carbo! 
115g potassium carbonate is dissolved in 10 
of hot distilled water. At room temperatur 
surplus of a few grammes will precipitate. 


4. 100mN and 33.3mN standard hydroch 
acid for the titrations. 
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ormance of the Analysis 


bout 1 ml of the boric acid reagent is delivered 


the central chamber of the clean and dry modi-. 


Conway unit described above. A stainless steel 
is placed in the recess of the outer chamber 
the sample to be analysed, usually 0:1 ml, is 
delivered in the recess. The urease solution, 
lly 25 wl, is added, and the unit is immediately 
sd’ with the lid, which has previously been 
ared with vaseline along the rim. The vessel 
ow placed on the disc of the stirring device 
allowed to rotate for at least 15 minutes. Then 
rotation is stopped; the Conway unit is turned 
id its axis, so that the recess is in its highest 
tion. The lid is now displaced, so that a small 
ling appears into the lower part of the outer 
nber ; 1 ml of the saturated potassium carbonate 
lickly introduced, and the lid immediately placed 
osition again. — After another 15 minutes 
the rotating disc the lid is removed, and the 
tion carried out without any unnescessary de- 
— The titration is conveniently performed 
ng magnetic stirring with the bar described 
re. The bar is introduced just before the titra- 
. and the same bar is used for successive titra- 
s} it can easily be transferred from one Conway 
to another by nieans of a clean forceps; no 
hing between successive titrations is needed. 
ring is most efficient when the axis of rotation 
he bar is slightly decentred in relation to the 
re of the Conway unit. 


‘he urea concentration (in mg/100ml) in the 
nl sample is calculated by multiplying the vol- 
(in wl) of 100mN acid used in the titration 
3.00. When 33.3mN acid is used, the factor 
00. 


Yuring storage the content of ammonia in the 
se solution increases; therefore blank analyses 
iid be performed regularly. With the above 
le of urease, the volume of 33.3mN_ standard 
used in blank analyses was usually about 0.3 wl. 
Vith this technique analyses were carried out 
known solutions of urea ranging from 30 to 
mg/100 ml. The recovery was about 97 per 
, and the results were reproducible with a 
ficient of variation of about 1 per cent. 


COMMENTS 


Notes on the Method 


It is strongly recommended that readers 
who may decide to make use of the present 
method should study the monograph of Con- 
Microdiffusion Analysis and Vol- 
umetric Error (1957) if they are not familiar 
with this technique. 


way: 


Below, brief comments are given on some 
of the principal differences between the pres- 
ent procedure and the methods for the deter- 
mination of ammonia and urea as described 


' by Conway. 


Factors Influencing the Transfer and 
Recovery of Ammonia 


In recovery experiments, samples of 0.1 
ml of 50 mM (NHy,).SO, were analysed. 
The ammonia was liberated by 1 ml of satu- 
rated potassium carbonate and absorbed in 
1 ml of a solution of 1 per cent of boric acid 
containing 20 per cent of ethyl alcohol, this 
composition being recommended by Conway. 
In these experiments, the length of the dif- 
fusion period was 40 minutes, during which 
time the Conway units were stirred as de- 
scribed; the recovery was found to be 96.8 
+ 0.4 per cent, and it was demonstrated that 
the recovery could not be increased by using 
a longer diffusion period. However, it appear- 
ed that when the boric acid reagent was re- 
placed by a 1 per cent solution of boric acid 
in water, the quantity recovered increased to 
98.8 + 0.3 per cent. The difference is prob- 
ably caused by the presence of traces of 
aldehyde in the grades of alcohol commer- 
cially available in this country. /t was con- 
sequently decided to omit alcohol from the 
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boric acid reagent. (The small amount of 
alcohol present in the indicator solutions 
proved to be of no significance. ) 

In the above experiment the approach of 
an equilibrium with nearly 100 per cent of 
ammonia absorbed in the boric reagent 
should be anticipated, so the results are still 
about 1 per cent too low. 

After the uptake of the quantity of am- 
monia absorbed in the above experiments the 
boric acid reagent has become alkaline; it 
was therefore investigated whether the above 
discrepancy might be caused either by loss 
of ammonia from the boric acid reagent or 
by uptake of carbon dioxide from the atmos- 
phere during the titration. 


A number of Conway units were exposed 
to the atmosphere for 60 minutes after com- 
pletion of the diffusion. The quantity of am- 
monia recovered by the subsequent titration 
of the boric acid reagent was now about 85 
per cent, and still lower (about 80 per cent) 
when the boric acid had been stirred during 
the exposure. In similar experiments, other 
vessels were exposed during magnetic stir- 
ring to a carbon dioxide-free atmosphere, 
which was passed through holes made in the 
lids of the Conway units at a rate of about 
30 ml per minute. In these experiments, the 
results of the analyses were nearly the same 
as in the experiments with exposure to 
atmospheric air. Hence the principal cause 
of the apparent loss of ammonia observed 
must be a real loss of ammonia. In experi- 
ments in which the exposure to the air was 
4, 8, and 12 minutes, the average loss of 
ammonia amounted to 0.25 per cent per 
minute. These findings probably explain 
why the maximum recovery of ammonia in 
analyses carried out on 0.1 ml 50 mM 


(NH,),SO, was found to be only about § 
per cent. 

The loss of ammonia to the atmosphei 
from boric acid reagent containing one tent 
of the above quantity of ammonia w 
negligible (about 1 per cent per hour), at 
in analyses on 10 ul samples of the 50 m 
(NHy,).SO, solution the average reco 
was 99.6 per cent. 

The rate of transfer of the ammonia w; 
studied in experiments with 0.1 ml 50 a 
ammonium sulphate plus 1.00 ml saturate 


The duration of these experiments wW. 
varied between 5 and 60 minutes. The res al 
agreed with calculations based on the r 
sumption of a constant half life of the ar 
monia in the outer chamber of 2.1 minute 

It was also demonstrated that the rate 
transfer of the ammonia can be further 7 


of the turntable (up to 25°) and the rate 
revolution (up to about 30 r.p.m.), but 


not be recommended. 


Notes on the Enzymatic Conversion of 
Urea to Ammonia 


In the procedures described by Conwe 
the enzymatic conversion of urea to 4 
monia was accomplished by means of s 
cially prepared extracts of jack beans. H 
ever, for the sake of convenience only ct 
mercially available preparations of ur 
have been considered in the present stt 

Among a number of different grades 
urease tested by the author, Sigma, Spe 
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y, Type V, proved to be the best. It 
. high specific activity, and the quanti- 
yf ammonia originating from the urease 
ration are small and independent of the 
tity of urea present in the samples ana- 


ing the technique described above, but 
ing 60 minutes for the enzymatic action, 
ses were performed on known solutions 
ea (Urea pro. analysi, Merck) contain- 
rom 30 to 300 mg per 100 ml. In these 
‘iments the recovery was about 98 per 
and it was found that the recovery 
| not be increased by allowing a longer 
d for the enzymatic action. With 15 
tes for the enzymatic action the rec- 
‘ was determined as 97 per cent, and 
10 minutes it was about 95 per cent. 

y difference could be demonstrated be- 
1 urease reagent dissolved in water and 
uffer solutions. Very little time was 
d by using a more concentrated solu- 
of the urease preparation. It was con- 
d that the above results also apply to 
ses performed on blood plasma. 


SUMMARY 


modified Conway technique suitable for 
etermination of urea in 0.1 ml samples 
ood plasma is described. Allowing 15 
tes for the enzymatic conversion of urea 
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into ammonia and another 15 minutes for the 
diffusion process, 97 per cent of the urea 
content of the samples is recovered with a 
coefficient of variation of about 1 per cent. 
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There is probably a relationship between 
the solubility of fibrinogen and the structure 
and properties of the fibrin clots formed with 
thrombin. Thus, if the solubility of fibrinogen 
is reduced by lowering ionic strength, pH, 
or temperature, or by addition of fibrinogen- 
precipitating agents such as protamine or 
dextran, the structure of the clot changes 
from the “fine”, transparent type with little 
tendency to syneresis to the “coarse”, opaque 
type with greater tendency to syneresis 
(Ferry & Morrison. 1947, Edsall & Lever 
1951, Godal 1960 b). 

In a previous paper it was shown that 
small amounts of heparin reduce the solu- 
bility of purified fibrinogen; great amounts 
exert the opposite effect (Godal 1960 a). It 
is possible, therefore, that heparin, in addi- 
tion to its antithrombin effect, also influences 
the polymerization-aggregation process. To 
solve this problem. I have studied the phy- 
sical properties of fibrin clots formed in the 
presence of heparin. 


MATERIALS AND METHODS 
Heparin, A-L, Oslo, Norway (identical to hepa- 
rin Vitrum, Stockholm, Sweden), a 5 per cent 
(w/v) solution, was diluted in saline to the desired 
strength. The preparation contains 100 I.U. per 
mg of heparin, or 5,000 I. U. per ml solution. 
Since the commercial heparin contains small 


306 


amounts of tricresol, and phenols influence 
thrombin-fibrinogen reaction (Fantl & Marr 19. 
the heparin preparation was dialysed against sal 

Otherwise, the materials and methods u 
the present work have all been described previo 
(Godal 1960 b). 


RESULTS 
A. Studies on purified fibrinogen. : 
1) The effect of heparin on the throm 
time. The effect of various concentrations 
heparin on the thrombin time of puri 
fibrinogen is given in Fig. 1. A weak, 
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E “i SS 
2 40 Mere 
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20 

10°8 10°6 10-4 10°2 
Heparin conc. (units/ml.) (log scale) 
Fig. 1. The effect of heparin on the thro 


time of purified fibrinogen. 

Clotting system: 
0.2 ml fibrinogen solution (0.3g per cent) 
0.2ml heparin solution of various concent 
0.2 ml thrombin. 
Prior to the addition of thrombin; the fibrine 
heparin mixtures were incubated for three mii 

at the temperature chosen for the experim 
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ificant anticoagulant effect was demon- 
le with very low concentrations of 
rin. By increasing the heparin concen- 
on, this effect more or less disappeared, 
it reappeared with large concentrations 
eparin. 

similar correlation between heparin 
entration and thrombin time has _pre- 
sly been demonstrated by Shinowara 
9), by incubation of purified fibrinogen 

heparin at room temperature before 
ulation with thrombin. Since heparin is 
vn to form complexes with thrombin 
rter & Nanninga 1953, Lyttleton 1954, 
kwardt & Walzmann 1959), the anti- 
ulant effect of small concentrations of 
rin is probably due to the direct effect 
eparin without cofactor. However, traces 
eparin cofactor present in the thrombin 
ibrinogen preparations cannot be ex- 
ed. 
he anticoagulant effect of large concen- 


trations of heparin was identical to that 
found in plasma, and will be dealt with 
below. 


2) The effect of low temperature, low pH, 
low ionic strength, and calcium on the throm- 
bin time and physical properties of the fibrin 
clot. If coagulation occurred at +4°C., a 
weak clot-promoting effect of medium con- 
centrations of heparin was observed (Fig. 1). 
A similar effect was observed by Shinowara 
(1949) in solutions of crude fibrinogen pre- 


incubated with heparin at room temperature. 


Several observations indicate that this 
clot-promoting effect is caused by an in- 
creased tendency to aggregation of fibrin. 
Thus, the clots were more coarse and had 
greater tendency to syneresis than without 
heparin (Table I). Further, a similar effect 
on the clot could be obtained by lowering 
the ionic strength by lowering pH, or by 
addition of calcium chloride. Finally, the 


Table I. The effect of low temperature, low pH, low ionic strength and of 
calcium on the thrombin time and syneresis time of heparinized and non- 
heparimized fibrinogen. 


Experimental condition 


Ionic | Temperature 


a strength 


7.3 0.15 

7.3 0.15 4 
UES 0.10 Si) 
6.5 0.15 37 
7.3 0.15 37 


Clotting system: 


Thrombin time 


Syneresis time 


(secs.) (min.) 


Heparin | No heparin 


13:5 TAS 
4.5 9.0 
6.0 1255, 
6.5 Ue) 
S)95) 8.0 


0.2 ml. fibrinogen solution (0.3 g per cent), of various pH, containing 4/5 volume of 


heparin (50 I.U./ml) or 1/s volume of psysiological saline, 
0.2 ml CaCle solution (10 mM) or physiological saline, 
0.2 ml thrombin. 
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Thrombin time 


(secs.) (per cent of total) 
2—3 97 
41 88 
12.8 48 
26.0 26 
54.0 14 
104.0 3 

No clot No clot 


Clotting system: 


0.2 ml citrated, platelet poor plasma, 
0.2 ml heparin (20 I.U./ml) or physiological saline, 


0.2 ml thrombin. 


amount of heparin necessary for obtaining 
maximal aggregation tendency of fibrin is 
similar to that necessary for obtaining max- 
imal precipitation of fibrin in the cold (Go- 
dal 1960 a). 


B. Studies on plasma. 


1) The relationship between thrombin 
time and coagulabihty in heparinized and 
non-heparimzed plasma. The rapid inactiva- 
tion of thrombin by heparin + cofactor leads 
to incomplete coagulation (Burstein 1954, 
Losner & Volk 1954). Further, the clots are 
coarse with decreased tensile strength (Tar- 
low, Goldfarb & Benjamin 1942, Wagreich 
& Tarlow 1945). 

The relationship between thrombin time 
and the yield of fibrin in the presence of 10 
units of heparin per ml plasma is given in 
Table II. Obviously, the coagulation is in- 
complete, even with a thrombin concentra- 
tion which clots the plasma in a few seconds. 


i 

Table IL The relationship between thrombin time and 3 
coagulability in heparinized and non-heparimized plasma. ‘ 

7 
Heparin | No heparin rf 

Clottability |Thrombin time]  Clottability . 


(secs.) (per cent of total) 


S32 101 
3) 98 
19.0 100 
37.0 86 
68.0 53 
134.0 32 


Mp tellin» ge er A RE AEP Milla. a” a 


In contrast, the coagulation of non-hepa’ 
nized plasma is complete, even when t 
thrombin time is 30 seconds. Therefore, ve 
large concentrations of thrombin are nec 
sary to produce complete coagulation 
fibrinogen when relatively large amounts: 
heparin are present. In addition, with lar 
amounts of thrombin the syneresis time a 
the tenside strength also tended to becot 
normal. 


low pH, low temperature, calcium, and 
tran on the clots of heparinized plast 
These factors markedly reduce the effect 
heparin on the thrombin time (Godal 196. 
They also increase the fibrinogen-precipi 
ting effect of heparin (Godal 1960 a), a 
this may explain their effect on the throm 
time. 


2) The influence of low ionic ind de 


However, this was apparently not 
(Table IIT). In contrast to non-heparinii 
plasma, the clots became finer, with long 
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Table III. The influence of low temperature, low ionic strength, low pH, calcium 
and dextran on the clottability, tensile strength and syneresis time of heparinized 

and non-heparinized plasma. 


Baperimental condiien Clottability Tensile strength Syneresis time 
(per cent of total) (g) (min) 
Ionic |Tempera-ture Dex- - | = No : No : No 
trength Catt, van) Pee heparin WORE heparin icp sae heparin 


== 15 | 98 


‘ Pip) 14.0 
0.15 20 = = 51 101 46 83 9.0 TUES 
0.10 37 = = 38 102 29 94 8.0 10.5 
0.15 37 — = 31 96 37 90 6.0 9.5 
0.15 Sy + — 28 104 27 117 SS 10.5 
0.15 Sif) — oe 34 98 = = 6.5 9.0 


Clotting system: 
0.2 ml citrated, platelet-poor plasma of various pH, containing 1/19 volume of heparin 
(100 I.U./ml) or 1/10 volume of physiological saline, 
0.2 ml distilled water CaClo (10 mM), dextran (3 g¢ per cent) or physiological saline, 
0.2 ml of thrombin solution. 
When tensile strength was assayed, 1.0 ml of plasma, 0.6 ml of distilled water, CaClo, dextran 
or saline, and 0.2 ml of a stronger thrombin solution were used. 


resis times. In addition, the coagula- (Table IV). The observations suggest an 
y and tensile strength increased. The inhibitory effect on the polymerization- 
ts on the fibrin clots are similar to those aggregation process, and are in concordance 
d when the thrombin concentration is with the observation that high concentrations 
eased (see Table II), and they are there- of heparin increase the solubility of fibri- 
mainly due to a reduced antithrombin nogen (Godal 1960 a). 

t of heparin and not to an increased It is interesting to note that, in the pre- 
ipitating effect of this compound. sence of high concentrations of heparin, the 
effect of neutral salts on the thrombin time 

| The effect on the fibrin clot of high differs from that which is seen with lower 
entrations of heparin. The inhibitory concentrations, and also from that which is 
t of high concentrations of heparin on seen in non-heparinized plasma. Thus, in the 
thrombin-fibrinogen reaction differed in presence of sufficient amounts of sodium 
ral respects from that observed with chloride, a clot-promoting effect of high con- 
ler concentrations. It could be demon- centrations of heparin could be demonstrated 
ed in solutions of purified fibrinogen (Fig. 2). No explanation for this pheno- 
. 1), and was thus independent of hepa- menon can be given at present, but as judged 
ofactor. Further, the clots formed were from the properties of the clot (Table IV), 
less opaque and more rigid than with- it seems that by increasing the salt concen- 

heparin, with longer syneresis times tration, the effect of high concentrations of 


310 


Fig. 2. 

The effect of neutral salt on the thrombin time 
of plasma in the presence of various concentrations 
of heparin. 

Clotting system: 

0.2 ml citrated, platelet-poor plasma, containing 1/5 
volume of heparin (5,000 1.U./ml, or 50 1.U./ml), 
or 1/5 volume of physiological saline. 

0.2 ml distilled water, or NaCl solutions of various 
strengths : 

0.2 ml thrombin. 

The clotting mixtures were incubated at 37°C 

for three minutes prior to the addition of thrombin. 


heparin on the polymerization-aggregation 
of fibrin, changes from inhibitory to accele- 
ratory. 


4) The effect of protamine on the clot of 
heparinized plasma. As shown previously, 
protamine shortens the thrombin time of 
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3 20 : 2 
@ | “No heparin 
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Fe ; 
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21 ee es Se i. 
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lonic strength } 


non-heparinized plasma, probably by aff 
ting the polymerization-aggregation of fibr 
(Godal 1960 b). 

The effect of increasing concentrations: 


protamine on the thrombin time and om 
properties of the fibrin clot in the pre 
of 10 units of heparin per ml plasma, 

: 


heparin (1,000 units per ml), as compared with non- 
heparinized plasma. 


Ionic strenght 


Heparin 


0.10 
0.60 


Clotting system: 


Clotting time (secs.) 


| Syneresis time (min,) 


No heparin | Heparin | No heparin 


0.2 ml citrated, platelet-poor plasma, containing 1/; volume of 
undiluted, dialysed heparin, or */; volume of physiolo- 


gical saline, 


0.2 ml distilled water, or 0.2 ml of NaCl solution (SM); 


0.2 ml of thrombin solution. 


Table IV. The effect of neutral salt on the clotting time 
and syneresis time of plasma containing large amounts of 
11 
>120 
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Table V. The effect of various concentrations of protamine 
on thrombin time, clottability, tensile strength and syneresis 
time of heparinized plasma. 


Protamine Thrombin | Clottability Tensile Syneresis 
ug/ml. time (secs.) (per cent) strength (g) | time (min.) 
0 No clot Ss a 
PAG) 186 12 25 
5.0 38 47 34 
10.0 21 94 84 
No protamine 22 | 101 | 81 | 14.5 


No heparin | 


Clotting system: 


0.2 ml citrated, platelet poor plasma, containing 1/10 volume of 
heparin (5 I.U./ml) or 4/10 volume of physiological saline, 
0.2 ml of protamine solution of various strengths, or 0.2 ml of 


physiological saline, 


When tensile strength was assayed, 0.8 ml of plasma, 0.8 ml of pro- 
tamine or saline, and 0.2 ml of a stronger thrombin were used. 


1in Table V. It is seen that parallel to 
10rmalization of the thrombin time, the 
itself will also be normalized. This ob- 
ition might be useful in order to see 
her or not a clotpromoting effect of 
leparin agents is specific. 


DISCUSSION 


inowara (1949) observed that on in- 
tion of purified fibrinogen with heparin 
om temperature, the thrombin time de- 
ed progressively and finally became 

shorter than without heparin. The 
sr assumed that a factor, called P, was 
msible for this clot-promoting effect. 
factor, more abundant in highly puri- 
fibrinogen than in crude preparations, 
| be removed by adsorbtion with barium 
ate or by Seitz filtration. However, 


according to the observations made above, 
this clot-promoting effect of heparin is most 
likely due to precipitation of fibrinogen. 
This view is supported by the fact that the 
fibrinogen solutions used by Shinowara were 
opalescent before, but not after adsorbtion or 
filtration, and further, incipient precipitation 
occurred prior to the addition of thrombin. 


In contrast, the experiments with plasma 
demonstrated that precipitation was of little 
importance for the antiheparin effect of such 
factors as low temperature, low ionic 
strength, low pH, or the presence of calcium 
or dextran. Burstein & Guinand (1955), 
claimed that the clot-promoting effect of cal- 
cium on heparinized plasma was not accom- 
panied by an increase in fibrin yield. The 
data given above are contradictionary to 
those given by Burstein ef al., and this di- 


screpancy cannot be explained. However, 
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since not only calcium, but also the other 
factors studied in this work all proved to 
increase the fibrin yield, it is reasonable to 
believe that the antithrombin effect of hepa- 
rin is influenced in some way by the speed 
of the polymerization-aggregation process. 
The following tentative explanation of this 
relationship is suggested. Heparin is capable 
of complexing several plasma proteins, and 
the stability of these complexes increases 
when the proteins are denatured (Fischer 
$935 )eebhis, at heparinized plasma or puri- 
fied fibrinogen is clotted with thrombin, or 
the fibrinogen precipitated by heat, the con- 
centration of heparin in the supernatant will 
decrease, indicating that a part of the hepa- 
rin coprecipitates with fibrin(ogen) (Godal, 
unpublished data). When thrombin is added, 
heparin will be bound to polymerized fibrin, 
and less heparin will be available for the in- 
activation of thrombin. If the polymerization- 
aggregation process for some reason is 
speeded up, this will counteract the anti- 
thrombin effect of heparin. 


SUMMARY 

The effect of heparin on the properties of 
the fibrin clot has been studied with the 
following results: 

1) Under certain circumstances, heparin 
shortens the thrombin time of highly puri- 
fied fibrinogen, probably due to precipitation 
of fibrin(ogen) by heparin. 

2) An inverse relationship between the 
tendency to aggregation of fibrin and the 
antithrombin effect of heparin seems to exist. 
This relationship is probably due to a com- 
petition between fibrin(ogen) and heparin 
cofactor-thrombin for heparin. 
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3) High concentrations of heparin se 
to counteract the polymerization-aggregati 
process. This effect can be reversed by - 
creasing the ionic strength. In the preset 
of sufficient amounts of neutral salt, a ra 


promoting effect of such concentrations 


heparin can be demonstrated. 
4) Protamine, in concentrations just § 
ficient to normalize the prolonged thro 
time of heparinized plasma, also produces 
normalization of the properties of the fib 
clot. This observation might be usef 
order to see whether or not a clot-promo 
effect of an antiheparin agent is specific. 
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Increased heparin tolerance, as measured 
by various in vitro techniques, has repeatedly 
been observed in patients with, or predis- 
posed to, thrombosis (for references, see 
Gormsen 1957). As a rule, the increased 
heparin tolerance has been taken to reflect 
an increased coagulability. Recently, Holger- 
Madsen (1959) demonstrated that the re- 
calcification time and the thrombin time of 
heparinized plasma (HTT) both varied in 
parallel during the course of myocardial in- 
farction or after major operations (Holger- 
Madsen & Schigler 1960), indicating that 
identical factors are responsible for the in- 
creased heparin tolerance in both clotting 
systems. 


In a previous paper, I have found that the 
heparin thrombin time of citrated plasma is 
influenced by a great number of factors, 
among them the concentrations of various 
plasma protein fractions (Godal 1961). Since 
a number of plasma protein fractions are 
known to increase during inflammatory and 
degenerative diseases, it is possible that such 
protein fractions, at least in part, are re- 
sponsible for the increased heparin tolerance 
measured by HTT. The purpose of this 
paper was to investigate this possibility. 
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Fibrinogen and alpha,-glucoprotein wef 
found to be important for the short HT 
found in patients suffering from variou 
diseases. The glucoprotein fraction itsel 
a weak anticoagulant (Greenspan 195 ) 
proved to be an effective inhibitor of heparit 
probably by competition. 


MATERIALS AND METHODS 


Alpha,-glucoprotcins. a) Isolation. The proce 
dure of Weimer, Mehl, & Winzler (1950) wa 
followed, starting from platelet-poor, citrated plas 
ma. The lyophilized product was a white powde 
which dissolved easily in water to a faintly turbi 
solution, The preparation was nearly homogeneot 
on paper electrophoresis (pH 8.6), travelling < 
an alpha globulin. It did not precipitate on boilin 
The lyophilized material was dissolved in physi 
logical saline to desired concentration (see below 

b) Determination was performed according ~ 
the method of Winzler, Devor, Mehl & Smy 
(1948) , except that the protein content of ft 
phosphotungstic acid precipitate was determit 
by reading the extinction at 280 my, after dis: 
lution in 3ml of 1/5 saturated sodium carbona 
with the solvent as a blank. A 0:05 per cent soluti 
ot purified plasma albumin, treated in the saf 
way, was used as a standard. 


Cholesterol in serwm was determined accordi 
to the method of Carr & Drekter (1956). 
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yses were carried out by the Central Labora- 


, Rikshospitalet, Oslo. Normal values: 150— 


mg/100 ml. 


lextran sulphate. Dexulate, ‘‘Glaxo”, Green- 
, England was diluted in saline to the desired 
ngth. It is the sodium salt of dextran sulphate, 
1 am average molecular weight of 7,500. It 
ains 25 units per mg of dextran sulphate, or 
0 units per ml solution. 


ibrinogen. A commercial preparation from 
bi’, Stockholm, Sweden, containing about 95 
cent clottable protein, was used. The lyophili- 
material was dissolved in distilled water to a 


ein concentration of 2 per cent, and the solution - 


ysed against physiological saline at pH 7.3 for 
hours at + 4°C. Insoluble material was re- 
ed by centrifugation at 3,000 r.p.m. for half 
1our. The final solution was slightly opalescent. 


laptoglobin im serum was determined by the 
ition procedure described by Nyman (1959). 
_ analyses were kindly carried out by Dr. T. 
mark. 


Jemoglobin. Human erythrocytes were washed 
e times in saline and hemolysed by freezing 
thawing. After centrifugation, the clear super- 
int was dialysed for 24 hours against physio- 
cal saline at + 4° C. The hemoglobin content 
he final solution was determined spectrophoto- 
rically at 540 my, according to Donaldson, 
on, King, Wotton & Macfarlane (1951). A 
k solution, containing 5 per cent hemoglobin 
stored at —20° C, and diluted with saline to 
red strength after thawing. 


leparin A-L, Oslo, Norway (identical to hepa- 
“Vitrum”, Stockholm, Sweden) was used. The 
tion contains 5 per cent heparin, and 100 [.U. 
ml in saline was stored at —20°C. After 
ving, this solution was further diluted im saline 
he desired strength. The same stock solution 
used for all the experiments. 


leparin cofactor was determined in the fol- 
ing clotting system: 


0.2 ml fibrinogen solution, 0.3 per cent, 

C.2 ml test plasma, diluted 1:9 with saline, or 0.2 
ml of various dilutions of standard plasma, 
0.lml heparin solution (0.30 I.U. per ml), or 
saline, 

0.1 ml thrombin solution, adjusted to give a clot- 
ting time of about 25 seconds with standard plasma 
diluted 1:9 with saline, and with saline instead of 
heparin in the test system. 


The clotting mixture was incubated for ex- 
actly three minutes at 37° C prior to the addi- 
tion of thrombin. The amount of heparin used 
prolonged the clotting time of the test system 
with standard plasma diluted 1:9 from 25 to about 
55 seconds. A standard curve was made by testing 
various dilutions of standard plasma in this system. 


Heparin thrombin time (HTT). When nothing 
else is stated, the following clotting system was 
used : 

0.2 ml fresh, platelet poor, citrated plasma, 
0.2ml heparin solution (0.15 I.U./ml), 
0.2ml thrombin solution. 


The clotting mixtures were incubated at 37° C 
for exactly three minutes prior to the addition of 
thrombin. Freshly prepared thrombin solution (see 
below) was titrated in a preliminary experiment 
to clot the standard plasma in about 13 seconds 
without heparin and in about 95—115 seconds with 
heparin present. This concentration of heparin was 
found to be suitable, since a marked anticoagulant 
effect is evident, and yet the clotting time is not 
too difficult to read. With higher heparin concen- 
trations, as used by Holger-Madsen, I found it 
very difficult to determine the clotting time accu- 
rately. 

The coagulation procedure had to be strictly 
standardized, and the following technique was fol- 
lowed: After addition of heparin, the test tube was 
immediately shaken, and thereafter tilted every 
15 seconds. The appearance of a clot was taken 
as end point. The test was routinely run in tripli- 
cate, the first serving as a guide. The mean of tne 
last two tubes was recorded. 


Storage of plasma. In accordance with the obser- 
vations of Holger-Madsen (1959), it was neces- 
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sary to centrifuge the blood within half an hour 
after withdraval, to avoid shortening of HTT. 
After centrifugation, more than one hour was 
necessary to alter the plasma, even when stored 
at room temperature. The plasmas were always 
tested within one hour after centrifugation. A 
single freezing and thawing did not alter the 
plasmas appreciably, and in most cases, storage at 
—20° C for a few days had no effect. Whem stored 
for weeks, however, a shortening of HTT invari- 
ably occurred, especially in the plasmas from the 
patients. Therefore, fresh plasma was always used 
for the test. 


Effect of citrate concentration. It is well known 
that citrate enhances the anticoagulant effect of 
heparin. In the clotting system used here, a citrate 
concentration equivalent to that of plasma from 
citrated blood, with a hematocrit of 25, shortened 
the HTT from about 100 seconds to about 70 se- 
conds. In this work, the citrate concentration was 
corrected for by diluting the plasma with citrate 
when the hematocrit was below 35. 


Paper electrophoresis of serum proteins was car- 
ried out by the Central Laboratory, Rikshospitalet, 
Oslo. An Elphor apparatus (Bender & Hobein, 
Munich, Germany) with a veronal (Michaelis) 
buffer of pH 8.6, ionic strength 0.10 was used. 
The samples were run for 18 hours at 90 volt on 
Schleicher & Schuell No. 2043A filter paper 
strips, stained with Amido black, and read in a 
Spinco Analytrol Scanner. A globulin factor of 
1.14 was used. 


Platelet-poor, citrated plasma. The blood was 
collected through a siliconized needle of wide bore 
directly into a lusteroid tube containing 1/10 volume 
of 3.13g¢ per cent sodium citrate dihydrate, placed 
on melting ice, and centrifuged within half an hour 
at 3,000 r.p.m. for 30 minutes at + 4° C. For other 
purposes than determination of HTT, the plasma 
was stored at —20° C. 


Thrombin, ‘“Topostasine”, Hoffmann-La Roche, 
Basel, Switzerland, a bovine preparation (powder) 
was used. Each day an amount (usually one mg) 
of the thrombin powder was dissolved in saline, 


and adjusted to the desired strength by testing ~ 
activity on standard plasma. During the clot 
experiments, the thrombin solution was kept 
room temperature. For all experiments the s 
batch of thrombin powder was used. 


Total serum protein was determined by the Bi 
ret method. The analyses were carried out by th 
Central Laboratory, Rikshospitalet, Oslo. Norm 
values are given in Table II. 


Plasma containing various concentrations | 
fibrinogen was prepared in the following way 


Plasma fraction I was precipitated with eight j 


centrifugation, the supernatant was immediate 
lyophilized in order to remove the ethanol, ar 
reconstituted to its original volume by distille 
water, and pH adjusted to 7.3 with 1/15 N FE 
This defibrinated plasma was then mixed wii 
various dilutions of purified fibrinogen in propo “tic 
Za : 
Otherwise, the methods and materials used 
this work have been described previously (Go 
1960 b). 


RESULTS 

Heparin thrombin time (HTT) in norn 
individuals. Ten healthy individuals, 4 m 
and 6 women, age 20—40 years, were test 
on the same day. HTT varied from 80 to 1 
seconds with a mean of 109.9 seconds. Pl 
ma from the donor, used as standard duri 
this work, had a HTT of 98 seconds. 

HTT in patients. The aim of this we 
has been to study possible correlations | 
tween various plasma protein fractions 4 
HTT. Therefore, patients with various — 
normal protein patterns were selected for t 
study, and no attention paid to the und 
lying disease. The patient material, co 
prizing 43 patients, is thus very heteroget 
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(see Table I), and a short HTT was 
id under various pathological conditions. 
small number of patients does not per- 

conclusions as to correlation between 
ous pathological conditions and a short 
T, but the data suggest that a short HTT 
ht be observed more frequently in pati- 
, with collagen diseases, renal diseases, 
anced diabetes mellitus, Hodgkin’s dis- 
, leukemia and cancer, than in peptic 
r, hepatitis, hemolytic anemia and hemo- 
ia. 


he plasma proteins in patients with short 


T. Total serum protein, serum protein 
tionation by paper electrophoresis, plas- 
fibrinogen and total serum cholesterol 
indicator of beta lipoproteins) were de- 
uined in patients with HTT below 80 
mds and compared with corresponding 
les of healthy individuals. (The normal 
es for total serum protein, electro- 
retic fractions and cholesterol are those 
n by the Central Laboratory, Rikshospi- 
, as based on large series of determina- 
s. The normal fibrinogen values are 
d on the normals used as controls in this 
k.) The patient with myeloma of the beta 
ulin type (K.S.) has been excluded. The 
for this patient are given below. 

he result is given in Table II. As would 
expected, there are marked individual 
ations. Generally, a low albumin, in- 
sed alpha- and gamma globulin, and 
eased fibrinogen were found. Such pro- 
patterns are generally found in acute 
chronic active, inflammatory and dege- 
tive diseases, and are thus unspecific. 
most marked deviation from normal was 
d in the alpha globulin fractions and in 
nogen. 


Table I. HTT im 43 patients suffering 
from various diseases. 


Diagnosis 


AY 1} F Lupus eryth. nodos 23 
Can. 54 1h Collagen disease 29 
A.B. 23 F Arteritis 69 
A.A. 70 F | Polyarthritis chron. | 91 
O.H. 62 M | Colitis 62 
AU Re 2) M_ | Hodgkin’s disease 36 
IRZAG 22 M » » 42 
G.S. 19 F » » 40 
A.S. 72 M » » 51 
A.O. 21 F » » 61 
TN: 19 F Granulomatosis 38 
O.G. 67 F Leukemia 27 
eke 35 M » 57 
PB 58 F » 63 
RB. 78 M » 51 
K.S. 59 M | Myeloma 44 
Roe 48 M » 105 
K.F. 58 M » 210 
E.O. 56 M_ | Ca. ventriculi 56 
Pe 63 M » » 76 
J.E. 43 M_ | Cancer? Sy 
E.D. 25 F Diabetes mellitus 28 
S.R. 54 F » » 64 
A.M. 48 M » » 58 
B.L. 51 F » » 39 
5.9. 27 F » » 34 
(earn 32 F » » 74 
M.M. 49 F Pyelonephritis 30 
G.W. 63 F Chron. nephritis 35 
G.C. 45 F Ren, cysticus 46 
A.J. 47 M_ | Hepatitis acuta 120 
BeBe 61 M » chron ? 54 
E.G. 17 F » chron. 135 
M.E. 38 F » » 95 
NAR 58 F Cholelithiasis 98 
A.N. 34 F | Ulcus ventriculi 125 
A.B. 46 F » » 108 
R.A. 42 F Hemolyt. anemia ll 
K.A. | BS) M_ | Parox.noct.hematuria| 121 
O.S. 34 M_ | Hemophilia A 81 
B.E. 63 M » » 104 
MIEN, 55 M » B 165 
M.B. 46 F | Tot. proacc. def. 113 


The importance of various plasma protein 
fractions for a short HTT. 


1) Albumin. A weak antiheparin effect 
of purified albumin could be demonstrated 
in normal plasma (Table III), in agreement 
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Table Il. Various plasma protein fractions in 28 
patients with HTT shorter than 8O seconds, as com- 
pared with corresponding normal values 
(in g per cent). 
eee ee ee a ee 
Patients | Normals 
Mean Range | Mean Range 
Total serum 
Protein 6.9 5.3—7.9 an 6.5—7.5 
Albumin Bee 1.8—4.1 4.3 3.6—4.9 
a,—globulin | 0.45 0.30.6 | 0.3 0.2—0.4 
%,—plobulin | 0.77 0.4—1.3 0.45 0.3—0.6 
8—globulin | 1.0 07-12) neo 0.6—1.2 
y—elobulin ; 1.65 0.8—3.8 AZ 0.9—1.6 
Fibrinogen | 0.547 0.255—0.805 | 0 264 0.238—0.310 
Cholesterol | 0.279 0.166—0.376 — 0.150—0.300 
with earlier observations (Godal 1961). albumin (as found in the patients) reduc 


Whether this effect is due to albumin itself 
or to contaminants, cannot be stated at pre- 
sent. It is therefore possible that low plasma 


Table lll. Effect of vari- 
ous protein fraction on 
HTT of normal plasma. 


Protein fraction | 


tested (final concen- | HTT 
tration 2 g per cent). | 


Albumin yee oe =o 67 
Gamma globulin ... 81 
Macroglobulin ..... 44 
Hemoglobin ....... 28 
Control (saline) .... 104 


Clotting system: 

0.2 ml platelet-poor, cit- 
rated plasma, 

0.1 ml protein solution (4 
per cent), or phy- 
siological saline, 

0.1 ml heparin (0.30 1.U./ml), 

0.2 ml thrombin. 


the heparin tolerance as measured by H] 


2) <Alpha,-glucoproteins. Among thes 
the fraction studied here (MP-1 of Mel 
Humphrey & Winzler 1949, alpha,-ae 
glucoprotein of Schmid 1955) is marked 
increased in cancer and pyogenic infectio: 
(Winzler & Smyth 1948). In several f 
spects, this fraction is similar to heparin, 
has a very low isoelectric point (1.8) < 


(Weimer, Mehl & Winzler 1950). It 
weak anticoagulant (Greenspan 1951, N 
son & Yamashina 1958) and the antic 
gulant effect can be neutralized by protami 
or toluidine blue (Greenspan 1951). Noth 
is known about the effect of this protein 
the presence of heparin. 


In the patients studied here, a rough ¢ 
relation between the level of alpha,-gli 
protein and HTT was observed (Fig. 
Further, isolated alpha,-glucoprotein im 
bited the antithrombin effect of hepa 
(Fig. 2). A final concentration of 0.6 
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JO ml plasma was sufficient to neutralize 
anticoagulant effect of 0.15 I.U. of hepa- 
per ml plasma, and concentrations similar 
those found in the patients definitely 
rtened the HTT. It is therefore likely 
- the increased concentration of alpha,- 
soprotein contributes to the short HTT 
nd in the patients. 

everal observations suggest that the 
soprotein fraction competes with heparin. 
ce this fraction has no anticoagulant effect 
lf when measured in a thrombin system 
Isson & Wenckert 1958), such a com- 
tion must lead to shorter HTT. Further, 
ther heparin-like substance, dextran sul- 
te, which is only poorly active in the 
em used (Hjort & Stormorken 1957), 
ved to inhibit the antithrombin effect of 
arin, when mixed in proper proportions 
g. 3). Finally, the unspecific “fibrino- 
tic’ effect of the glucoprotein fraction 
; much weaker, and the antiheparin effect 
sh stronger than that of a typical “fibrino- 
tic’ substance, dextran (Table IV). 


ee ee ee 
20 40 60 80 100 129 
Heparin thrombin time (sec.) 
Bignell. 


relation between HTT and plasma content of 
alpha,-glucoprotein. 


800 [ a 
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Fig. 2. 


50 


- Fffect of purified alphay-glucoprotein on HTT of 


normal plasma. 
Clotting systems: 0.2 mb citrated 
plasma, 
0.1 ml glucoprotein solution, 
0.1ml heparin (0.30 I.U/ml), 


0.2 ml thrombin. 


platelet-poor, 


3) Haptoglobins (hp) are a group of 
closely related seromucoids with alpha,- 
mobility at pH 8.6 (barbiturate buffer). 
Their concentration in plasma varies grossly 
parallel to that of the alpha,-glucoprotein 
during inflammatory and neoplastic diseases 
(Nyman 1959). With hemoglobin, hp form 
very stable complexes, reacting in stoichio- 
metric (equimolecular) proportions (Jayle 
1940). Since the formation of such com- 
plexes may be inhibited by heparin (Nyman 
1959), hp probably counteract the anti- 
thrombin effect of heparin. 

However, such an effect could not be 
demonstrated. Thus, addition of hemoglobin 
to give a final concentration equimolecular - 
to that of hp, did not prolong the HTT even 
in patients with very high hp content in 
plasma. On the other hand, excess hemo- 
globin definitely shortened HTT (Table IIT). 
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Heparin + dexulate 


| Ate, 


Clotting time (sec.) (log scale) 


1 107 102 193 1-4 = 10 =~ 10°8 
Dexulate (dilutions) 


Fig: 3. 


Effect of various concentrations of dextran sulphate 
(dexulate) on HTT of normal plasma. 


Clotting systems: 0.2ml _ platelet-poor, citrated 
plasma, 
0.1ml of various dilutions of 
dexulate, 


0.1ml heparin (0.30 I.U/ml), 
0.2 ml thrombin. 


Since purified haptoglobins were not avai- 
lable, a direct proof of the effect on HTT of 
hp has not been given. Further work is 
therefore necessary. However, the result of 
this investigation seems to indicate that hp 
are of little importance for HTT. 


4) Fibrinogen. Addition of purified fibri- 
nogen to citrated plasma shortens the throm- 
bin time in the presence of larger amounts of 
heparin (Godal 1961). Fibrinogen might 
therefore also be affective in the system used 
here. 

Generally, the patients with short HTT 
had increased levels of fibrinogen. Further, 
if fibrinogen concentration was plotted 
against HTT, a rough correlation was de- 
monstrable (Fig. 4). Finally, normal plasma 
containing various amounts of fibrinogen 


H. €. GODAL 


(see methods) demonstrated a similar corre 
lation (Fig. 4). These findings suggest th 
the fibrinogen concentration is of impor 
ance for HTT. 


Is plasma fraction I in the patients qual 
tatively different from normal? Plasma frat 
tion I (1) and supernatant (S) were pr 
parated as described (see methods) fro 
normal plasma. The fractions were mixe 
in various ways and the HTT of the mi 
tures recorded. The result is given 7 
Table V. (1) from the patients + norm: 
(S) gave shorter HTT than of normal (J 
+ normal (S), even when the higher fibr 
nogen content in the patients (1) had bee 
corrected for. In addition, (S) from 
patients shortened the HTT of normal (1 

The first observation suggests that plas 
fraction I from the patients studied diff 
qualitatively from that of normals. It canm 


Table IV. Effect of dextran and 

alpha,-glucoprotein on the thrombin 

time of normal plasma with and 
without heparin present. 


Material tested | Thrombin time (sec) 
(final concentration 
1.5 g per cent). 


Without 
heparin 


With 
heparin 


Dextran s-mene | 18.4 eal 
a&,-glucoprotein. .. 12.3 ns 
Control (saline) .. 89 13.1 


Clotting system: 

0.2 ml platelet-poor, citrated plasma, 

0.1 ml dextran or glucoprotein solu- 
tion (3 per cent) or physiolo- 
gical saline, , 

0.1 ml heparin (0.30 I.U./ml) or sa 
line, 

0.2 ml thrombin. 
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tated whether this difference is due to a 


itatively different fibrinogen, or whether | 


; due to other proteins, coprecipitated 
fibrinogen in plasma fraction I. The 
nd observation strengthens the evidence 
ight forward above, that factors other 
those contained in plasma fraction I are 
nportance for HTT. 

|} Beta lipoproteins. Heparin is known 


EE ES SS NS SO 


Heparin thrombin time (sec) 


Fig. 4. 
Fibrinogen concentration and HTT. 
e: HTT of normal plasma containing various 
amounts of purified fibrinogen. 
ing systems: (for details, see methods). 
0.2 ml supernatant, 
0.1 ml fibrinogen solution, 
0.1ml1 heparin (0.30 I.U./ml), 
0.2ml thrombin. 
v: Correlation between HTT and plasma 
content of fibrinogen. 


Table V. (For details, see text.) 


-+ Normal (I)....... 116 | 116 


Normal (S 
» » + Pat. Dakar: Sagat. 25 36 
Pat. PS SNOEmal yee eee 27 40 
» b+ Pat: re oie ae a 7 e Sie 
Normal » + Pat (I) (corr.).. .. | 68 74 
Pat. i eee ey OY mee ee 26 38 


Clotting system: 
0.2 ml plasma mixture, 
0.2 ml heparin (0.15 I.U./ml), 
0.2 ml thrombin. 


to form complexes with the beta lipoproteins 
(Burstein 1956). Beta lipoproteins might 
therefore interfere with HTT. 

However, most of the patients studied 
had normal serum levels of beta lipopro- 
teins, as judged from their serum cholesterol 
levels (Table II). To study a probable effect 
of beta lipoproteins, two groups of patients 
were selected, both consisting of patients 
suffering from angina pectoris with no recent 
or actual episodes of myocardial infarction 
or thrombosis. In group I, the serum chole- 
sterol was normal or slightly elevated, in 
group II it was markedly elevated. Both 
groups were on long-term treatment with 
Phenylindandione (Trombantin, Nyco, Oslo, 
Norway). Both groups had a moderately 
shortened HTT (Table VI) without any 
difference between the groups. The reason 
for the shortened HTT in these patients. is 
not known. They had, however, higher plas- 
ma levels of both fibrinogen and alpha,- 
glucoprotein than had the normal controls. 
Further work is necessary to prove whether 
these differences are due to age, to treatment 
with Phenylindondione or to the disease 
itself. 
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Table VI. HTT, fibrinogen, alpha,-glucoproteix 
and cholesterol in patients suffering from angina’ pec- 
toris. (For details, see text.) 


I | II 
105 oF 5 jer 


| Normals 


Ha (sec)iee o-: 


(59—83) 
Fibrinogen Mean: 338 
(mg/100 ml.).. (272—491) (238—-310) 
a,-glucoprotein Mean: 84 63 
(mg/100 ml.).. (76—100) (55—74) 
Cholesterol Mean: 354 == 


(mg/100 ml.).. | (288—396) | (406—628) 


6) Gamma globulin. No correlation be- 
tween gamma globulin content and HTT 
could be demonstrated. Further, patients 
with markedly increased gamma _ globulin 
levels, such as in hepatitis, had normal HTT 
(Table I). Finally, purified gamma globulin 
had only a very slight antiheparin effect in 
the clotting system used here (Table IV). 
Therefore, gamma globulins probably are 


not important for HTT. 


7) Paraproteims. One patients (R.H.) 
with myeloma of the gamma globulin type 
had normal HTT in spite of a concentration 
of gamma globulin of 5.6 g/100 ml. Another 
patient (K.F.) with only minor electro- 
phoretic disturbance had a markedly pro- 


longed HTT. The reason for this is not 


known; he had normal values of alpha,- 
glucoprotein, fibrinogen and heparin co- 
factor. 


In contrast, a patient (K.S.) with mye- 
loma of the beta globulin type had markedly 
shortened HTT. His serum was very viscous 
at low temperature, and proved on ultracen- 
trifugal analysis (Carlsberg Foundation, 
Copenhagen, Dr. Djurtoft), to contain three 
abnormal fractions with sedimentation con- 
stants of 10.2, 8.9, and 7.3. These fractions 


constituted about 3g per cent of pro 
(total serum protein: 9.4g per cent, 
total beta globulins: 6.2 g per cent). It 
possible that the shortened HTT in tl 
patient is due the content of ‘ ‘macroglot 
lins”, since isolated macroglobulins fre 
es patient studied previously (Go 
1961) proved to shorten the HTT of norn 
plasma (Table III). 

8) The clotting factors. Heparin inti 
both the formation and the action of thro 
bin. Further, the content of antihemophi 
globulin (AHG) increases roughly par 
with fibrinogen in the diseases — 
(Egeberg, 


QB 
oo 

& | 
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be 
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oo 
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personal communication). 
clotting factors may therefore influet 
His 

However, removal of prothrombin, 
convertin, Christmas factor (PTC) 


Table VI. Heparin cofactor con- 
tent in patients with HTT shorter 
than 80 seconds as compared with 

normal values. 


27 Patients | 10 Normals 


Mean: 103 
(85—130) 


Mean: 94 
(48—160) 


Heparin 
cofactor 
(per cent) 
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art factor by adsorbtion of citrated plas- 


with Al(OH), did not affect the HTT 


yatients or in normals. Further, patients 
1 total deficiency of AHG, PTC or pro- 
lerin. had normal HTT (Table I). 
ally, activation of plasma by SiO, 
lite) did not shorten HTT. Therefore, 
T seems to be independent of the plasma 
tent of clotting factors (except fibri- 
en). 

) Heparin cofactor (Hcf). For the anti- 
ymbin effect of heparin, a plasmatic co- 


or is necessary, and the thrombin time of | 


arinized plasma is very sensitive to varia- 
s in Hef content (Godal 1961). A short 
T might therefore be due to a low con- 
of this factor. 

lowever, patients with short HTT had 
ehly normal contents of Hef, as deter- 
ed by the method described above 
ble VII). Further, no correlation be- 
en Hcf and HTT could be demonstrated. 
fariation in Hcf, therefore, seems to be 
minor importance for the HTT in the 
ents studied here. 


DISCUSSION 


t is well established that heparin tolerance 
acreased in many patients. This findings 
iterpreted to indicate an increased coagu- 
lity, and this “hypercoagulability” is 
eved to be an important factor in the 
hanism of thrombosis. However, there 
several weak points in this line of 
soning. 
‘thus, there are so far no studies on the 
nges in plasma which lead to an in- 
sed heparin tolerance. We do not know 
ch factors are responsible for it, nor do 
know whether the same foctors are 


changed in all patients. Further, we are not 
justified in interpreting increased heparin 
tolerance in terms of hypercoagulability, 
since we know nothing about the role of 
heparin in these patients. It is perfectly pos- 
sible that the changes which produce an in- 
creased heparin tolerance may at the same 
time inhibit coagulation in vivo. Finally, we 
are not justified in interpreting increased 
heparin tolerance in terms: of increased ten- 
dency to thrombosis for the same reasons. 


In this situation, the first step must be to 
study the protein changes which constitute 
the basis for the increased heparin tolerance, 
and this has been the aim of the present 
study. 

The data reported indicate that the con- 
centration of various clotting factors (ex- 
cept fibrinogen) does not influence the hepa- 
rin tolerance when measured in a thrombin 
system. Since such factors influence the 
heparin tolerance when other techniques are 
used (recalcification time, whole blood clot- 
ting time), the thrombin system should be 
preferred when proteins other than clotting 
factors are studied. 

Among the protein fractions studied here, 
the alpha,-glucoprotein fraction probably 
deserves special attention. Evidence has been 
brought forward here that this protein frac- 
tion competes with heparin. Since high con- 
centrations of alpha,-glucoproteins are 
rather closely related to increased heparin 
tolerance, this might also explan why plas- 
mas with increased heparin tolerance also 
have increased protamine tolerance (Weiner 
& Jiminez 1956). Further, the fact that 
alpha,-glucoproteins are increased under 
circumstances where thrombosis is more 
likely to occur, this observation makes the 
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importance of this heparin-like substance as 
a physiological anticoagulant rather doubt- 
ful. It is possible that the glucoprotein frac- 
tion, in addition to its weak anticoagulant 
effect, also has unfavorable effects on the 
coagulation and hemostasis mechanisms from 
the point of view of preventing thrombosis. 
It is interesting to note that dextran sulphate 
and other similar substances produce clump- 
ing of platelets and precipitation of fibrino- 
gen (Piper 1946, Astrup 1953, Walton 
1954). In fact, the glucoprotein fraction 
studied here had a weak “‘fibrinoplastic” 
effect. Further work along these lines, there- 
fore, is necessary. Another problem which 
has not been taken into consideration, is the 
question whether or not the glucoproteins 
are also qualitatively altered during disease. 
Further work to study these problems is in 
progress. 


The antiheparin effect of purified fibri- 
nogen is in concordance with earlier obser- 
vations (Godal 1961). However, fibrinogen 
is easily denatured, and denatured fibrino- 
gen (similar to other denatured proteins) 
interacts more readily with heparin (Fischer 
1935, Godal 1960a). Purified fibrinogen, 
therefore, cannot be compared with the 
native protein as to its antiheparin effect. 
Another possibility is that fibrinogen be- 
comes altered during disease, and that such 
altered fibrinogen more easily interacts with 
heparin. Smith (1957) observed that fibri- 
nogen from patients suffering from various 
diseases precipitated more easily with hepa- 
rin in the cold than did fibrinogen from 
healthy individuals, and this difference could 
not be explained solely as a result of higher 
fibrinogen contents in the patients. These 
observations have been confirmed (Godal, 


unpublished data), and they may furt 
explain why plasma fraction I in the patien 
was more effective in inhibiting hepari } 
However, proteins other than fibrinogen ¢ 

present in plasma fraction I, and the con 
position of these proteins during disea: 
might well differ from normal. Therefore, 
cannot be stated at present whether or 


the antiheparin effect of plasma fraction 
in the patients is due to qualitatively altert 
fibrinogen. : 


SUMMARY 


The importance of some plasma prote’ 
fractions for the increased heparin toleram 
observed in patients suffering from variot 
diseases has been studied, giving the follo 
ing results: 

1) In concentrations similar to tho: 
found in the patients, alpha,-glucoproteit 
and fibrinogen definitely counteract the ant 
thrombin effect of heparin. 

2) 0.6—0.8 g/100 ml of atphas Sa 
tein fraction completely neutralizes the an 
thrombin effect of 0.15 I.U. of hepari 
Evidence has been brought forward tha 
competitive relationship exists between hep 
rin and the glucoprotein fraction. 

3) Purified fibrinogen inhibits the: aml 
coagulant effect of heparin. Plasma fraction 
from the patients was more effective thi 
that from normal individuals in this respe 
even when corrected for the higher fib 
nogen content. 


4) The remaining protein fractions stt 
ied (albumin, haptoglobins, beta lipoprote: 
gamma globulin, paraproteins, clotting f 
tors and heparin cofactor), proved to be 
only minor importance for the increai 
heparin tolerance observed in the patier 
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spt that macroglobulins seem to coun- 
ct heparin. 
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Serum creatinine concentration and en- 
dogenous creatinine clearance furnish val- 
uable information about renal function. How- 
ever, the low serum concentration and the 
non-specificity of most reactions yet tested, 
has hampered the routine clinical application 
of creatinine determination. 

Several color reactions for creatinine have 
been described but the Jaffe reaction, which 
depends on the colored products obtained 
from creatinine and picric acid in alkaline 
solutions, is the most widely used in spite of 
its non-specificity. The compounds in serum 
interfering with the Jaffe reaction, which are 
sometimes called “chromogenes” or “pseu- 
docreatinine”’, include among others glucose, 
acetone and acetoacetic acid. 

Various attemps to eliminate the effect of 
the “chromogenes”’ have been described. Mil- 
ler & Dubos (1937) estimated the ‘‘true” 
creatinine concentration from the difference 
between the values obtained using the Jaffe 
reaction before and after the enzymatic de- 
struction of creatinine. Taussky (1956) re- 
moved interfering compounds by oxidizing 
with hypoiodite and extracting the oxidation 
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products with ether. Other authors (Bo 
sook (1936), Hare (1950), Haugen & Bh 
gen (1953), Paget, Goutier & Liefoogl 
(1956), Kayser & Molitor (1956)) har 
adsorbed the creatinine from a deproteinize 
serum onto different adsorbents and_ the 
applied the Jaffe reaction to the creatinit 
after desorption. | 
In the present investigation the creatinit 
was adsorbed directly from acidified seru 
on a strong cation-exchanger. This rem 
most interfering compounds and the Ja 
reaction can be applied after elution of 
creatinine. The analyses were done w 
micro ion exchange columns. As these 
rather simple to handle the method may 
suitable for routine clinical use. 


METHOD 
Apparatus. 


Ion exchange columns were prepared: with Dox 
50 W, grain size 200—400 mesh as shown in Fi 
Glass wool with a fiber diameter of 0.01—0.02 
or cotton wool plugs were used. When care! 
packed such a column will not run dry for at 
12 hours because of the capillary forces in 
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Glass wool plug 
Liquidfilled space 


fon exchange 
resin, 0.2ml 


Glass wool plug — R 


Figs kL. 


sxchange column for serum creatinine deter- 
mination. 


wool plug. When stored for a longer period 
olumns were placed in distilled water. 
Radiometer G 200 B glass electrode was used 
H measurements. 


ents. 

M HCL. 
e mM PICRIC ACID: SOLUTION, (11.75 
1). 
LK ALINE PICRATE SOLUTION, pH 12.4. 
0m! 51.3mM picric acid solution add 0.80 ml 
{ NaOH. (Should be freshly prepared.) 
TOSPHATE BUFFER, pH 12.4. Mix 50 ml 
M NazsHPOy, and 63 ml 0.50 M NaOH and 
with distilled water to 200 ml. 


e-EATININE STANDARD SOLUTIONS. 
creatinine (Ph.S. XI) to constant weight 
)°. From a stock solution containing 1 mg/ml 
nine in 0.1 M HCl, prepare standard solutions 
ining 30—300 wg/ml by dilution with distilled 


dure. 

Mix equal volumes of serum and 0.1 M HCl 
small flask and leave it for 2—3 min. to let 
n dioxide escape. Pour 2.0—4.0ml of this 
re on the column of ion exchanger (in Ht- 
. The flow rate should be about 1 drop per 
e. 
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2) Wash the column with 3 ml 0.9 per cent NaCl, 
and then with 5—6 ml distilled water. 

3) Elute the column with 2.0 ml phosphate buffer 
solution, and collect the eluate in a test tube con- 
taining 1.0ml of alkaline picrate solution. This 
elutes all the creatinine and the Jaffe reaction takes 
place in the test tube. Between the different steps 
of adsorption, washing and elution the column must 
drain until no more liquid spontaneously leaves 
the tip. 

4) 30 minutes after completed elution measure 
the absorbance at 510m in a 1 cm cell (Beckman 
DU spectrophotometer slit width 0.02, or Beckman 
B spectrophotometer) against a blank consisting of 
2.0 ml phosphate buffer solution and 1.0 ml alkaline 


‘picrate solution, 


Estimate the creatinine from a standard curve, 
which is obtained by measuring the absorbance of 
mixtures of 0.1ml creatinine standard solutions 
30—300 uwg/ml-with 1.9 ml phosphate buffer solution 
and 1.0 ml alkaline picrate solution. 

To check the quality of the ion exchanger, run 
standard solutions through the columns, and then 
follow the procedure described for the serum samp- 
les. The standard curves obtained with and without 
passage through the iom exchanger should agree 
within 3 per cent. 

After use the ion exchanger can be regenerated 
by washing with 2ml 2—25 M NaOH, 1—2ml 
distilled water, 2—3 ml 4 M HCI and finally wash- 
ing with water (approximately 5 ml) until the efflu- 
ent is neutral. 


CONTROL OF THE DIFFERENT STEPS 
OF DETERMINATION 


Adsorption procedure. 

Due to its basicity creatinine is adsorbed 
on strong cation exchangers from an acidic 
medium and is desorbed in alkaline solution. 
Dowex 50 was chosen because of its current 
use in amino acid chromatography. In later 
experiment Dowex 50 W proved to give 
superior results. Columns were prepared 
according to Fig. 1. They do not run dry for 
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at least 12 hours and thus watching is not 
necessary. A cycle of adsorption, washing, 
elution, regeneration and washing requires 
6—8 hours, but the actual effort needed 
during this time is very little. 

In spite of the acidic medium the serum 
proteins do not precipitate in the resin bed 
and a preliminary protein precipitation there- 
fore seems to be unnecessary. Probably small 
amounts of serum proteins are irreversibly 
adsorbed and may finally give rise to errors. 
The columns can, however, be used for at 
least ten cycles without renewing the ion 
exchanger. 

The evolution of carbon dioxide when the 
serum comes in contact with the acidic ion 
exchanger may ruin the uniform packing of 
the column. To prevent this the serum is 
diluted with hydrochloric acid and left for a 
few minutes before it is passed through the 
column. 

After the adsorption of the creatinine and 
other cations, a small but varying amount of 
the ion exchanger is present in the hydrogen 
form. Before elution it is desirable to convert 
this part to the sodium form. This is con- 
veniently done by washing with a small vol- 
ume of dilute sodium chloride solution. 
Larger volumes (more than 6 ml 0.9 per cent 
saline) will elute creatinine. 


Elution procedure. 


For elution various buffers were invest- 
igated. 0.125 M phosphate -buffer .seems to 
eluate creatinine quantitatively in a small 
volume. Fig. 2 shows an example of the elu- 
tion curve obtained with this buffer. When 
the serum creatinine concentration -is very 
high some tailing occasionally occurs but this 
has not amounted to more than 2 per cent 


Fig. 2 
Elution curve. 
2ml serum with a creatinine conc 
tion of 15 mg/100 ml. 
Eluting buffer: 0.125.M phosphate buffer pH 
Ion exchanger: Dowex 50, 300—400 mesh. 


Sample: 


of the total creatinine. A fine grain si 
the ion exchange resin and a low flow 
are most important for good results in 4 
elution step. 


The Jaffe reaction. 


It is desirable to have an eluate on wh 
the Jaffe reaction can be done directly wil 
out any adjustment of pH or volume. A 
cording to previous authors the reaction pi 
ceeds in alkaline medium, but the alkalin 
used has varied; (Bonsnes & Tauss 
(1945), Roscoe (1953) and L¢ken (1954 

To find the optimum conditions for ~ 
method described here, the Jaffe reaction } 
studied in phosphate buffer solutions 
different pH. Fig. 3 shows the effect 7 : 
and pH on the absorbance obtained. 
color development at pH 10—11 contin 
for several hours but the absorbance n 
reaches the value obtained at pH 12.5. 
absorbance at pH 13 reached its hig! 
value rapidly and then slowly decreased | 
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pH 12.5 


pH 13.0 


pH 11.0 


30 60 90 


120) min. 


PigeeS. 


1 development in the Jaffé reaction as a func- 
tion of time at different pH values. 


the whole observation time, 22 hours. At 


12.5 the color development is rather 
id and the maximum absorbance is high 
stable for several hours. Accordingly a 
er in this region was selected for elution. 
.s stated by previous authors, the tempe- 
ire affects the Jaffe reaction. According 
Lgken (1954) the differences in optical 
sity are negligible at room temperature 
an alkalinity of 0.04 N NaOH. As these 
ditions closely correspond to the con- 
ons used here the effect of temperature 
not re-examined. 
‘he standard curve for the spectrophoto- 
ric determination in a 0.125 M phosphate 
er of pH 12.4 is a straight line in the 
on of 3—30 ug of creatinine per 3 ml of 
1 solution. The curve runs independently 
the buffer concentration within a wide 
ze (0.06—0.25 M) and consequently the 
tion of the buffer, which takes place dur- 
the elution, will not affect the result. As 
buffer also is well suited for the elution, 
her volume nor pH of the eluate need be 
isted and the Jaffe reaction can be carried 
immediately. 


Interfering substances. 


A major problem in the determination of 
the endogenous serum creatinine by the Jaffe 
reaction is the presence of interfering com- 
pounds, which tend to give too high absorb- 
ance values in the direct determination. The 
most important interfering compounds, glu- 
cose, acetone, aceto-acetic acid, and pyruvic 
acid, are not adsorbed on the ion exchanger 
and their effect is therefore eliminated by the 
present procedure. 

Basic compounds will, however, be found 


together with creatinine in the eluate. The 


influence of some amino acids and _ nitro- 
genous metabolites on the Jaffe reaction was 
therefore examined. 

The following amino acids were invest- 
igated: glycine, alanine, leucine, threonine, 
phenylalanine, tyrosine, tryptophane, cystine, 
methionine, proline, hydroxyproline, histi- 
dine, arginine, citrulline, glutamine, glutamic 
acid, valine, cysteine, lysine, isoleucine. None 
of these seems to interfere with the color re- 
action up to concentrations corresponding to 
50 mg/100 ml of serum, which is well above 
the normal serum concentration range. Xan- 
thine, hypoxanthine, adenine, uracil, guanine, 
cytidine, uric acid, urea, choline, p-amino- 
hippuric acid, barbituric acid, all in a con- 
centration corresponding to ten times the 
conceivable serum concentration, have no 
effect on the Jaffe reaction. Not even guani- 
dine, guanido acetic acid or creatine inter- 
fere in spite of their structual resemblance to 
creatinine. 

Hydantoin and allantoin give a color re- 
action with alkaline picrate. However, these 
substances when added to serum in a concen- 
tration of 10 mg/100 ml do not give any in- 
terference in the final reaction mixture when 
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creatinine is determined by the method de- 
scribed. 
Reproducibility. 

The recovery of creatinine from standard 
solutions and from serum samples was in- 
vestigated. With the use of Dowex 50 the 
recovery from standard solutions was slight- 
ly over 100 per cent, which was probably due 
to small amounts of chromogen material 
given off from the ion exchanger. Using 
Dowex 50 W no such background was found 
and the recovery approaches 100 per cent. 
The recovery from serum is indicated in 
Tables I and II. 

By means of a series of double determina- 
tions on serum from normal persons the 
standard deviation for the method was cal- 
culated. It was 0.22 mg/100 ml or 2.7 per 
cent of the mean value. 


Normal values. 


With the present method the mean value 
for 30 men was 0.91 mg/100 ml serum with 
a standard deviation of 0.12 mg/100 ml and 
for 22 women 0.69 mg/100 ml with a stan- 


Table II. Ten analyses of the 
same serum using different seruin 
volumes. 


MI serum taken Creatinine found 
for analysis mg/100 ml 


0.78 
0.75 
0.80 
0.76 
0.77 
0.78 
0.79 
0.78 
0.79 
0.77 


uw 
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Table I. Recovery of creatinine 
added to serum. 


Creatinine 
found 


+s 


Creatinine 


added 
Ux 


Recovery 
% 


= i755 = 
1or9 19.56 101 
21.14 21.52 102 
23.10 23.30 101 
24.61 25.05 102 
26.88 26.71 99 
28.84 28.30 98 
30.05 29.83 99 
31.26 31.29 100 
34.73 34.04 98 


dard deviation of 0.08 mg/100 ml. Thes 
normal values seent to agree with nor 
values found using other other methods suy 
posed to be specific (Miller & Dubos 1 
Haugen & Blegen 1953, Taussky 1956 an 
Edwards & Whyte 1959). The difference i 
serum creatinine concentration for men af 
women is significant (P < 0.001). 


SUMMARY 

A method for serum creatinine determin: 
tion is described. Creatinine is adsorbed fro: 
acidified serum on a strong cation exchang 
resin in micro columns, eluted with 4 
alkaline buffer solution and determined EF 
the Jaffe reaction performed directly on tf 
eluate. The method seems to give the trt 
serum creatinine concentration and is simp 
enough for routine clinical work. 
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In chemotherapy of tuberculosis there are 
individual variations in the absorption of 
various tuberculostatic drugs from the intest- 
ine. Reliable methods for the determination 
of such drugs are therefore needed to control 
that an effective blood concentration is ob- 
tained. In 1956 Jones published a method for 
the determination of cycloserine in blood 
serum with sodium nitritopenta-cyanoferro- 
ate. In the presence of cycloserine in weak 
acid solution this reagent gives a blue re- 
action product, with an absorption maximum 
at 625 mu. When using this method it was 
found that certain sera from tuberculous 
patients gave a red discoloration of the re- 
action mixture on addition of the cycloserine 
reagent. We observed that these sera ori- 
ginated from patients treated with both 
cycloserine and pyrazinamide. It was this 
observation that led to a study of the re- 
action between pyrazinamide and the cyclo- 
serine reagent. 


1 Lecture held at the Scandinavian Congress on 
Clinical Chemistry in Helsingér 1959. 
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EXPERIMENTAL 


Pyrazinamide was found to give a red color w 
sodium nitritopentacyanoferroate, with an abso 
tion maximum at 490mu. This reaction 


cess of the reagent the reaction occurs independer 
of the reaction with cycloserine; and the absorpt 
maxima given of pyrazinamide and cycloserine | 


tions do not interfere with each other (See Fig. 
Consequently the reaction with sodium nitritopen 
cyanoferroate can be utilized for the simultane 
determination of cycloserine and pyrazinamide 
blood serum. 

The relation between time and color developn 
has been studied at various temperatures. Fi 
thows the reaction between the sodium nitritope 
cyanoferroate reagent, cycloserine and pyraz 
mide at 20° C. The color produced by the pyraz 
mide is not stable at this temperature. At 10” 
however, the reaction products of both cyclose 
and pyrazinamide are stable for a period fror 
tc 60 minutes (Fig. 3). In accordance with # 
observations Jones’ original method has been m 
fied for the simultaneous determination of pyra 
mide and cycloserine. 


Reagents: 


1. Sodium nitritopentacyanoferroate reas 
NagFe(CN)5NOp. This reagent is prepared in 
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ABSORBANCE 


/ \\PZ+CYK 
Days 
ey 


500 600 
Bie 
ption spectra of the reaction products between 
sodium nitritopentacyanoferroate reagent, 

cycloserine, and pyrazinamide. 
Absorption spectrum of a solution contain- 
ing 10mg pyrazinamide per 100 ml. 


700 


= Absorption spectrum of a solution contain- 
ing 10mg cycloserine per 100ml. 
- CYK = Absorption spectrum of a solution 
ning 10mg pyrazinamide and 10mg cyclose- 
rine per 100 ml. 


; before use by mixing aliquots of 4 per cent 
odium nitroprusside, NazFe(CN);NO.2H20, 
-N sodium hydroxide. (The sodium nitro- 
de solution can be kept for two weeks at 


ungstic acid reagent, This is prepared daily 
ixing aliquots of 10 per cent w/v sodium 
ate, NagWOg, and 0.67 N sulfuric acid. 

N acetic acid. 


id: 

2 serum proteins are precipitated by mixing 
erum with 4 ml tungstic acid reagent in 1'5 ml 
‘uge tubes. The tubes are centrifuged at 2500 
for 10 minutes. Three ml aliquots of the 
tant fluids, corresponding to 1ml serum, 
insferred to new tubes. Then 1 ml 3 N acetic 
added to each tube, and the tubes are cooled 
'C in a bath with running tap water. One 
Id sodium nitritopentacyanoferroate reagent 


is added to each tube; the contents are carefully 
mixed, and the tubes are kept im running tap water 
at 10° C for 20 minutes.. The samples are read in 
a spectrophotometer at 490 and 625mwu against a 
blank of 3ml water, 1 ml 3N acetic acid and 1 ml 
sodium nitritopentacyanoferroate reagent. The cyc- 
loserine and pyrazinamide contents are calculated 
from standard graphs. The standard graph for 
cycloserine is prepared by analyzing given amounts 
of cycloserine dissolved in serum, and that for 
pyrazinamide, by analyzing standard solutions of 
pyrazinamide in water. Cycloserine and pyrazina- 
mide standards are rum parallel in each series. 


Accuracy: 

The standard error of a single determina- 
tion (8;) has been calculated from the devia- 
tions of double determinations according to 
the formula : 

jt a (Dahlberg 1948) 


(d = difference, N = number of differences) 


For cycloserine it is 0.10 and for pyrazin- 
amide 0.12 mg in the range of 2.5—10 mg 
per 100 ml serum. 


Recovery experiments: 


Ina series of experiments various amounts 
of cycloserine and pyrazinamide were dis- 
solved in serum, and these solutions were 
compared with standard solutions containing 
a corresponding amount of cycloserine and 
pyrazinamide in water. The results are shown 
in Table I. The mean recovery of pyrazin- 
amide is 98.5 per cent, whereas that of cyclo- 
serine is only 76.5 per cent. Further experi- 
ments have indicated that the loss of cyclo- 
serine is caused partly by a co-precipitation 
of cycloserine with the serum proteins, and 
partly by a slow destruction of cycloserine by 
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ABSORBANCE 


20°C 


Time in min. 
10 20 30 40 50 
Fig. 2. 
The reaction between the sodium nitritopentacyano- 
ferroate reagent, pyrazinamide and cycloserine at 
20° C. Relation between time and color development. 


Pyrazinamide is read at 490 mu, and cycloserine 
at 625 mu. 


PZ =1mM solution of pyrazinamide. 
CYK =1mM solution of cycloserine. 


the tungstic acid reagent. Under standard- 
ized conditions the loss of cycloserine can be 
kept approximately constant; consequently 
this error can be avoided by calculating the 
cycloserine values from a standard graph 
based on analyses of standard solutions of 
cycloserine dissolved in blood serum. Of 
other deproteinisation reagents perchloric 
acid gives a better recovery of cycloserine?. 
Pyrazinamide, however, is very unstabile in 
perchloric acid solution. Perchloric acid 
therefore cannot be used for the simultaneous 
determination of cycloserine and pyrazin- 
amide. 


2 Dr. B. Sandberg A.B Kabi, Stockholm personal 
communication, 


ABSORBANCE 10°C 


_-0-- --0----0----0-- 


10 2 Oaks 0 40 50 
Fig. 3. 
The reaction between the sodium nitritopentac 
ferroate reagent, pyrazinamide and cycloserine 
10° C. Relation between time and color develogll 
Pyrazinamide is read at 490mwu, and cycloser 
at 625 mu. 
PZ =1mM solution of pyrazinamide. 
CYK =1mM solution of cycloserine. 


Specificity: 

The normal serum constituents do 
interfere in the quantities normally pres 
in blood. Only sera from patients with 
tremely high values of non-protein nitro 
give blank values of 0.02—0.03 (1 cm e€ 

A number of drugs have been exa i 
also in respect of their possible interfer 
with the cycloserine and pyrazinamide de 
minations. It has been found that sev 
substances, especially cyclic compounds ¢ 
taining a nitrogen atom in the ring and 
amino group in a side chain, yield col 
reaction products with sodium nitritopé 
cyanoferroate (Fig. 4). The absorption n 
ima and approximate absorbance valué 
1 mM solutions of these substances 
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Table [. Recovery experiments. 
ee nee 


Added 


mg/100 ml serum Cycloserine 


Cycloserine 10.0 7.6 
» 10.0 ie 
» 10.0 CES 
» 10.0 8.6 
» 10.0 8.1 
» 10.0 7.8 
» 5.0 3.6 
» 5.0 3.8 
» 25 1.8 
» 2.5 2.0 

Pyrazinamide 10.0 
» 5.0 
» 7S 

Cycloserine 10.0 + 7.6 

Pyrazinamide 10.0 

Cycloserine 10.0 + ded 

Pyrazinamide 5.0 

Cycloserine 10.0 + VES 

Pyrazinamide 2.5 

Cycloserine 5.0 + 3.8 

Pyrazinamide 10.0 

Cycloserine 5.0 + S/ 

Pyrazinamide 5.0 

Cycloserine 5.0 + 3.5 

Pyrazinamide 2.5 

Cycloserine 2.5 + 2 

Pyrazinamidé 10.0 

Cycloserine 2.5 + 2.0 

Pyrazinamide 5.0 

Cycloserine 2.5 + 2.0 

Pyrazinamide 2.5 


m in Table II. Nicotinic acid and iso- 
inic acid derivatives give absorption 
ima situated so near that of pyrazin- 
le that they interfere with the pyrazin- 
le determination. Thiacetazone has an 
rption maximum near that of cycloserine 
accordingly, the latter drug cannot be 
‘mined in the presence of thiacetazone. 
yther tuberculostatics tested, streptomy- 
ind kanamycin do not cause any inter- 
ice at all, and p-aminosalicylic acid only 
‘ry high concentration. 


Recovered 
mg/100 ml serum 
Pyrazinamide 


% recovery 
Cycloserine Pyrazinamide 


76 
75 
73 
86 
81 
78 
72 
76 
ae 
80 
10.2 102 
4.7 94 
PAG | 108 
9.8 76 98 
4.9 73 98 
225 ‘73 100 
9.7 76 97 
4.8 74 96 
2.4 70 96 
9.8 84 98 
4.8 80 96 
95) 80 100 
Mean 76.5 98.5 


Further investigations on the reactions be- 
tween the sodium nitritopentacyanoferroate 
reagent and isonicotinic acid derivatives have 
shown that the drugs isoniazid, iproniazid 
and salizid can be quantitatively determined 
in aqueous solution by this reagent. How- 
ever, it cannot be used for quantitative deter- 
mination of these drugs in serum without 
previous extraction procedures, since, to a 
very large extent, they are co-precipitated 
with the serum proteins by the tungstic acid 
reagent. 
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Fig. 4. 
Cyclic compounds giving colored reaction products 
with the sodium nitritopentacyanoferroate reagent. 
1. Cycloserine (D-4-amino-3-isoxazolidone) 
2. Pyrazinamide (Pyrazinecarboxamide) 
3. Nicotinic acid 


Table Il. Absorption maxima and approximate absorbance values 
(1 cm cell) of 1 mm standard solutions of various drugs analyzed 
with the sodium nitritopentacyanoferroate reagent. 
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SUMMARY 

Jones’ original method for cycloseri 
analysis has been modified for the determin 
tion of pyrazinamide. In this modificatn 
the method can be used for simultaneo 
determination of the tuberculostatic drug 
cycloserine and pyrazinamide in blood ser 
Pyrazinamide can, however, not be dete 
mined in the presence of isonicotinic ac 
derivatives, nor cycloserine in the presen 
of thiacetazone. 
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4. Nicotinamide 

5. Isoniazid (Isonicotinic acid hydrazide) 

6. Iproniazid (Isonicotinic acid 2-isopropyl hy 
zide) 

7. Salizid (1-isonicotinoyl-2-salicylidenehydraz 

Thiacetazone (p-acetamidobenzaldehyde thio 

micarbazone) 


ee 


Substance 


limGyeloserne f..tmiee 
2. Pyrazinamide....... 
Nicotinic acid 
derivatives: 

3. Nicotinic acid ...... 
. Nicotinamide....... 
MplLsOniazidiwer ...cRmines 
» Lpromtazid) 2, o>. «says 
. Salizid (Saliniazid) .. 
. Thiacetazone....... 


COrIAH 


Absorption maximum mu. 


Approximate 
absorbance value 
of 1 mM solutions 


0.60 
0.85 


0.45 
0.55 
0.80 
0.80 
0.80 
0.60 
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he purpose of this paper is an evaluation 
sidney function in patients taking phena- 
. 

ince Spuhler (1953) described an inter- 
al nephritis and the possible connection 
this disease with phenacetin intake, a 
es of articles has appeared on this subject 
oeschlin, 1957, Larsen & Mller, 1958, 
deneg, Fischer, Pedersen & Nissen, 1959 
others). A relationship between the de- 
of anemia and the duration of phena- 
n intake, or between renal insufficiency 


ay 
= 


the duration of phenacetin intake has 
er been proved (Marti, 1958). The patho- 
esis of the supposed kidney changes is 
known. Phenacetin seems to have no 
‘ct toxic effect on the kidney tissue, and 
ody has ever, in animal experiments, 
ceeded in producing kidney changes with 
nacetin (Gsell, 1958 and Studer, Zbin- 
, Scharer & Fust, 1958). With some 
mals Miescher, Schneider & Krech 
58), however, demonstrated kidney le- 
1s administration of 
nacetin and injection with bacillus colt. 


by simultaneous 


MATERIAL AND METHODS 


n examinations. 

‘he material consists of 780 patients, 265 with 
wmatoid arthritis, and 515 with other diseases 
{ women and 324 men). Ages range from 17—83 


33 


years, both in the rheumatoid arthritis group, and 
in the non-rheumatoid arthritis group. The non- © 
rheumatoid arthritis group will in the following 
be called the control group. In the control group 


- no patients have had kidney disease, and in the 


rheumatoid arthritis group no kidney disease has 
been diagnosed before the beginning of the rheuma- 
toid disease. The patients have all been examined 
by the author of this paper and questioned on 
their consumption of medicine containing phen- 
acetin. All patients with a phenacetin consumption 
have used phenacetin until the day of examination. 


Methods. 


Creatinine clearance (Bonsnes & Taussky, 1945) 
has been carried out on all 780 patients as 3-day 
clearance. If a 24-hour clearance deviated more 
than 20 per cent from the average value of the 3- 
day clearance, a new 3-day clearance was carried 
out (Effersge, 1956). Clearance is corrected for 
body surface and is given as mean value of 3-day 
clearance. The rheumatoid arthritis group is divi- 
ded into stages of the disease according to Stein- 
brocker, Traeger & Batterman (1949) and this 
group, as well as the control group, are divided 
into age groups. The material is statistically treated 
with Student’s t-test, and p<0.05 is required for 
significant difference between two groups. 


RESULTS 


I. Comparison between creatinine clearance 
and phenacetin intake in the control group. 


Table I shows a comparison between 
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Table I. Comparison of creatinine clearance and consumption of phenacetin m 
the control group. 


+ 


—————————————————————————_____.___ 


Clearance * 


Age - 
group Consumption below 
(years) |Noconsumption| 1 gram/day up to 
25 years duration 


96 + 17 (43) | 


17—40. | 98 + 22 (37) 

41—50 | 89 + 16 (34) 91 + 18 (53) 

5160 | 86 + 13 (51) 81 + 12 (60) 
>60 | 77 +413 (48) 77 + 17 (61) 


*) Mean creatinine clearance in ml/min/1.73 m? 


creatinine clearance and the phenacetin in- 
take. Within each age group there is no 
statistically significant difference in the aver- 
age kidney function between non-users and 
consumers with a moderate (under 1 gram 
per day) or large consumption (over 1 gram 
per day). Only in the age group 51—60 
years have patients with a consumption of 
under 1 gram per day a significantly lower 
clearance than non-users, whereas no differ- 
ence is found between non-users and patients 
with a consumption of more than 1 gram 
per day. 


Consumption above 
1 gram/day up to 
30 years duration 


p 


No consumption, 
consumption 
above 1 gram/day 


No consumption/ 
consumption 
below 1 gram/day 


97 + 19 (26) | p>01 p>01 a 
90 + 14 (39) p>0.1 p>01 4% 
86 + 14 (42) | 0.05 >p>0.025 p>0.1 
81 + 15 (21) p>0.1 p>0.1 


+ standard deviation (No. of patients/group). 


II. Comparison between creatinine clearance 
and phenacetin intake in the rheumatoid 
arthritis group. 

Table II shows a comparison betweet 
creatinine clearance and phenacetin intake 
For the age groups 17—50 and 51—60 year; 
there is a significantly lower clearance valu 
in patients with a consumption of more that 
1 gram per day, than in non-users. There is 
however, no significant difference betweet 
the kidney function of non-users and user 
in the age group over 60 years. Table II 
shows a comparison between creatinine clea 


Table II. Comparison of creatinine clearance and consumption of phenacetin in 
the rheumatoid arthritis group. 


Clearance * 


Age 
group Consumption below | Consumption above 
(years) | No consumption] 1 gram/day up to 1 gram/day up to 


28 years duration 


17—50 | 98 + 24 (44) 86 + 22 (26) 
51—60 82 + 19 (36) 77 + 19 (26) 
>60 65 + 22 (29) 66 + 18 (38) 


*) Mean creatinine clearance in ml/min/1.73 m2 


35 years duration |below 1 gram/day 


p 


No consumption/ 
consumption 


No consumption 
consumption 
above 1 gram/da 


88 + 28 (28) | 0.025 >p >0.01 | 0.05 >p >0.025 
71 24 X16) p>0.1 0.05 >p >0.025 
71 424(02) p>0o1 


0.1 >p >0.05 


+ standard deviation (No. of patients/group). 


PHENACETIN CONSUMPTION IN RELATION TO CREATININE CLEARANCE 


ice and the progressive stages of the 
ease. For all age groups there is a signi- 
intly lower clearance value in stages III + 

than in stages I+ II. Table IV shows 
comparison between creatinine clearance 
1 phenacetin intake in relation to the stage 
uping in age groups under and over 50 
irs. Only in the age group under 50 years 
there for stages II] + IV, and in the age 
yup over 50 years for stages I + II, signi- 
untly lower clearance value in patients 
th phenacetin consumption under 1 gram 
- day than in non-users, whereas there is 


difference between patients with a con- 


nption of over 1 gram per day and non- 
ars. For stages III + IV in the age group 
sr 50 years the kidney function of non- 
ars is significantly lower than that of 
jents with a phenacetin consumption 
der 1 gram per day. For the other groups 
significant differences between clearance 
ues and phenacetin consumption are found 


relation to the stage grouping. 


DISCUSSION AND CONCLUSION 
Creatinine clearance is chosen for meas- 
ng kidney function, as it is practical for 
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large groups of patients (Steinitz & Tir- 
kand, 1940). In judging the possible kidney- 
damaging effect of phenacetin, it must be 
considered whether the patient’s disease 
causes reduction of kidney function. This is 
true of rheumatoid arthritis as shown in 
Table III. In the control group phenacetin 
causes no reduction of kidney function 
(Table I). If this is compared with the 
rheumatoid arthritis group, where patients 
with large phenacetin consumption only in 
some groups have significantly lower kidney 
function than non-users, it seems that the 
phenacetin does not cause reduction of the 
kidney function, because the reduction of the 
kidney function caused by the disease is 
greater than the reduction seemingly caused 
by the phenacetin (Tables II and ITI). If 
the progressive stage and the phenacetin in- 
take are considered, as shown in Table IV, 
only the progressive stage has any influence 
on the reduction of kidney function in 
patients with rheumatoid arthritis. Nor does 
the phenacetin seem to aggravate kidney 
function that is already reduced, because it 
would be expected that the average kidney 
function of patients in the rheumatiod arth- 


Table III. Comparison of creatinine clearance and 
the stages of progression in patients with rheumatoid 


arthritis. 


Age 
group 
(years) 


Stages I + II 


Clearance * 


Stages ITI +1V 


Pp 


Stages I + II/ 
stages III + IV 


97 + 21 (67) 82 + 29 (31) p< 0.005 
Sl — 60) 85 + 16 (52) 65 + 19 (27) p< 0.005 
> 60 74 + 18 (37) | 58 + 25 (52) p< 0.005 


*) Mean creatinine clearance in ml/min/1.73 m? + standard 
| deviation -(No. of patients/group). 
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ritis group with large phenacetin consump- 
tion of over 1 gram per day for many years 
would be significantly lower than in non- 
users within each stage, but this is not the 
case (Table IV). 


SUMMARY | 

The object of this paper is an evaluation 
of kidney function in patients with phen- 
acetin intake. The examination covers 780 
patients, 265 with rheumatoid arthritis, and 
a control group of 515 patients with other 
diseases, on whom 3-day endogenous creati- 
nine clearance has been carried out. 

Neither in the control group nor in the 
rheumatoid arthritis group is reduction of 
kidney function caused by phenacetin. Nor 
does phenacetin seem to aggravate an already 
reduced kidney function. 


REFERENCES 


Bonsnes, R. W. & Taussky, H. H.: On the colo- 
rimetric determination of creatinine by the 
Jaffe reaction. J. Biol. Chem. 158, 581, 1945. 

Effersde, P.: Relationship between endogenous 24 
hours creatinine clearance and serum creatinine 
concentration in patients with chronic renal 
disease. Acta med. Scandinav. 156, 429, 1956. 

Gsell, O.: Primar chronisch interstitielle Nephritis 


Table IV. Comparison of creatinine clearance and consumption of phenacetin in 
relationship to stages of progression in the rhewmatoid arthritis group. 


A.W. S. SORENSEN 


in Beziehung zum Phenacetinabusus. B 
schweiz. Akad. d. med. Wissensch. 14, 12: 
1958. ‘ 

Larsen, K. & Moller, C. E.: Nyrelidelse foraar 
saget af plrenacetinmisbrug. Ugesk. f. lege 
120, 114, 1958. 7 

Lindeneg, O., Fischer, S., Pedersen, J. & Nisse 
N. I.: Nyrepapilnekrose og langvarig phenae¢ 
tinmisbrug. Ugesk. f. leger 121, 532, 1059, 

Marti, H. R.: Die Andmie bei chronischem Phet 
acetinabusus. Schweiz. med. Wehnschr. 8 
1054, 1958. ‘ 

Miescher, P., Schnyder, W. & Krech, U.: Zi 
Pathogenese der ‘‘interstitiellen Nephritis” b 
Abusus phenacetinhaltiger Analgetica. Schw 
med. Wehnschr. 88, 432, 1958. . 

Moeschlin, S.: Phenacetinsucht und -schade 
Schweiz. med. Wchnschr. 87, 123, 1957. - 

Spithler, O.: Probleme ‘der interstitiellen Nephriti 
Schweiz. med. Wchnschr. 83, 145, 1953. — 

Steinbrocker, O., Traeger, C. H. & Batterma 
R. C.: Therapeutic criteria in ha 
arthritis. J.A.M.A. 140, 659, 1949. 

Steinitz, K. & Tiirkand, H.: The determination : 
the glomerular filtration by the endogeno 
creatinine clearance. J. Clin. Investigation 
285, 1940. 

Studer, A., Zbinden, G., Scharer, K. & Fust, 
Tierexperimentelle Untersuchungen zur Fra 
der interstititiellen Nephritis bei Missbra 
Phenacetinhaltiger Schmerzmittel. Bull. sch 
Akad d. med. Wissensch. 14, 659, 1958. 


Clearance * 


Consumption 
below 1 gram/day 
up to 
28 years duration 


I+II 92 + 18 (19) 
I+II 76 + 19 (29) 
Itl-+ Tv 1022s 
III -++IV 67 + 18 (36) 


*) Mean creatinine clearance in ml/min/1.73 m2 


Consumption |No consumption/|No consumpt 
above 1 pram/day | consumption consumpti 
below 1 gram above 1 gr. 


35 years duration 


up to | 


per day per day 


954+18(17) 101 >p>0.05 p>0.1 
84 + 2118) |0.05 >p >0.025 p>0.1 
79 +45(11) (0.05 >p >0.025 p>o.1 
62 + 12 (20) |0.025>p >0.001 p>0.1 
ae 


= standard deviation (No. of patients/group). 
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HISTORY OF THE INTERNATIONAL FEDERATION 
OF CLINICAL GHEMISTRY 
By i. J. KING, 


From the Postgraduate Medical School, London, W. 12, England 


{Received for publication November 14, 1960) 


In September 1951 the International Union of 
re and Applied Chemistry (IUPAC) held a Con- 
ence and Congress in New York. Professor 
Tiselius, then President of the Bialogical Chem- 
ry Section of IUPAC-became President of the 
ion, and Sir Charles Dodds (then Professor 
C. Dodds) succeeded him as head of the Biolo- 
al Chemistry Section, with Professor Murray 
ck as Secretary. The writer was in New York 
this time, at the invitation of the American 
sociation of Clinical Chemists, and was ap- 
ached by these representatives of the Biological 
emistry Section of IUPAC to join and take on 
. Presidency of the Commission of Clinical Chem- 
y, to consist of himself, Professor Warren Sperry 
.5.) and Professor Paul Fleury (France). Tise- 
3, Dodds and Luck felt that there was a need for 
international body, with the backing and support 
a Union, to pull together and correlate the acti- 
ies of the very few known national societies of 
nical Chemistry, and to encourage the formation 
such societies in other parts of the world; fur- 
rmore, that the chemists and biochemists who 
rked im hospitals and the clinical departments of 
dical schools were now sufficiently numerous, at 
st in the principal countries, to warrant drawing 
m together into some sort of loose organization 
| to periodic meetings which might well be on 
international scale. 


During the following winter of 1951/52 corre- 
spondence took place between King, Sperry and 
Fleury as to possible avenues of profitable activity. 
An invitation was then received from the Nether- 
lands Society of Clinical Chemistry that an inter- 
national congress be held in Amsterdam in the 
spring of 1952, to which the clinical chemists of the 
world would be invited, and which should be the 
occasion for the foundation of an international 
organization of clinical chemists, as well as forming 
a congress for the presentation of lectures amd re- 
search communications. Negotiations were already 
well forward with the French clinical chemists and 
biochemists to organize and strongly back a medical 
and clinical section of the International Congress of 
Biochemistry planned for Paris in August of that 
year. It was represented to the Dutch chemists that 
the International Congress in Paris would be 
attended by biochemists and clinical chemists from 
all over the world, and that this would probably 
be a more favourable occasion and place to launch 
a new International Federation of Clinical Chem- 
istry than would Amsterdam in the the spring. It is 
to the very great credit of the Netherlands Society 
that they immediately agreed to withdraw their pro- 
posal and to meet with the other clinical chemists 
of the world in Paris that summer. 

The members of the IUPAC Commission on 
Clinical Chemistry (Fleury, King and Sperry), 


+] 
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with the informal support of representatives of 
other known existing national societies, organized 
a meeting for the afternoon of July 24th in the Sor- 
bonne. There was a large attendance by clinical 
chemists from many countries, several of them the 
official spokesmen of national societies. Dr. I. D. P. 
Wootton (London) acted as Secretary, and Dr. 
Ramon of Fleury’s Department, an accomplished 
linguist, acted as interpreter. There was enthusias- 
tic support for the proposal to found an Inter- 
national Federation of Clinical Chemistry, and to 
set up a Committee of persons who should be 
named as the official representatives of existing 
national societies. It was further agreed that the 
Commission of Clinical Chemistry of IUPAC 
should be enlarged to include these national repre- 
sentatives, and that it should act as the Committee 
of the new International Federation of Clinical 
Chemistry. No constitution or settled rules were 
envisaged for the new Federation at that time, but 
a set of aims and objects was discussed and the 
following unanimously agreed: 


1. An International Association of Clinical Bio- 
chemists shall now be formed, whose function shall 
be to advance knowledge in and promote the 
interests of biochemistry in its clinical (medical) 
aspects. 

2. The Commission on Clinical Chemistry of the 
Section of Biological Chemistry of the International 
Union of Pure and Applied Chemistry shall act 
initially as the Committee of this International As- 
sociation of Clinical Biochemists. The Committee 
shall subsequently include representatives 
national societies. 


from 


3. The Committee shall set up Sub-Committees 
to deal with specific matters of a special nature 
(e.g. with internationally agreed ways of express- 
ing results), as may seem indicated from time to 
time. 

4. The Committee shall make attempts to ascer- 
tain the titles of existing Societies of Clinical Bio- 
chemistry (or Societies serving the same function 
under different names) and of their officers, and it 
shall endeavour to promote the foundation of socie- 
ties in countries where they do not already exist. 

5. From the lists of names of members of ex- 
isting societies and from the names of such other 


persons as may be ascertained to be practi ing 
clinical biochemistry, the Committee shall prepare 
an international’ list of Clinical Biochemists, + | 
their addresses and where ascertainable, their prin- 
cipal scientific interests. ] 

6. The International Association of Clinical Bio- 
chemists will meet during and before and after ii 
deemed advisable the International Congresses 0: 
Biochemistry and its members will use the Clinica 
Chemistry section of the Congress as a forum i 
which to present their communications. 


7. The Committee shall represent to the | 
organizing committee of the Congress that sympo 
sia on subjects of special interest to clinical bio 
chemists be held during the Congress and possibl; 
during a day (or two) preceding the Congress. 

8. The Committee shall encourage and attemp 
to promote regional meetings on a semi-interna 
tional scale. : 4 

9. The Committee shall receive and circulat 
information regarding special new techniques af 
other matters of interest which might not be readil} 
available through the ordinary vehicles of publi 
cation. : i 


10. The Committee or a Sub-Committee shal 
arrange for the circulation of solutions and sample 
for the comparison of methods and results and shal 
attempt to standardize the expression of results 0 
such methods as are expressed in units or olay 
arbitrary terms. q 

In the summer of 1953 a new enlarged Com 
mission and Committee met in Stockholm, at th 
International Congress of Chemistry which wa 
being held there. The following attended and wer 
received into full Titular Membership of the Com 
mission on Clinical Chemistry by the Biologicé 
Section of IUPAC. 

E. J. King, President (U.K.) 

I. D. P. Wootton, Secretary (U.K., rep. Brit. A 
soc. Clin. Biochem.) 

P. Fleury (France, rep. Soc. Fr. Biol. Chim.) 

A. Sobel (U.S.A., rep. Amer. Assoc. Clin. Chem 

B. Josephson (Sweden, rep. Scand. Soc. Clin, Cher 
& Clin. Physiol.) 

J. C. M. Verschure (Netherlands, ch Neth. So 
Clin. Chem.). 

W. M. Sperry (U.S.A.) was unable to attend. 
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At their meetings the new Commission and Com- 
ttee agreed to attempt the organization of a regu- 
* congresses of Clinical Chemistry at two or three 
ar intervals, to encourage the holding of regional 
mi-international meetings of clinical chemists in 
jacent countries, to promote the foundation of new 
tional societies of Clinical Chemistry in countries 
vere there appeared to be sufficient numbers of 
erested persons and of “groups” of clinical 
emists within other societies, biochemical, bio- 
sical, chemical, pathological, etc., where the 
mbers were not sufficient to make viable inde- 
ndent societies, to set up an international haemo- 
obin standard in co-operation with the Protein 
mmission of IUPAC, and to conduct an inter- 
tional trial of analytical methods commonly used 
the clinical laboratory to compare the results 
tained in different laboratories of the countries 
presented. 

The first International Congress of Clinical 
vemistry was appropriately held in Amsterdam in 
ptember 1954. It was an outstanding success. 
sople attended from almost every country in the 
orld. There were over five hundred registered 
rticipants, and while most of them were from 
estern Europe, there were several from North 
merica, and a few from as far away as Austral- 
ia, India and South America. The organized 
mposia set a high scientific standard, and the 
ort communications offered were of wide interest. 
r. J. C. M. Verschure and Dr. Th. Strengers 
resident and Secretary) and their Committee 
oduced a model of organization and successful 
nduct which succeeding congresses have not ex- 
led. 

At this meeting an informally convened group 
National Representatives considered a proposal 
9m the publishing firm of Elsevier that the newly- 
anded Journal ‘‘Clinica Chimica Acta” should be- 
me the official organ of the International Fede- 
tion of Clinical Chemists. While there was some 
pport for the idea in Western Europe, it was felt 
those countries which already had their own 
urnals (e.g. Scandinavia, U.S.A., etc.) that it 
suld not be wise for the new International Fede- 
bion to have a new single publication of its own; 
t that the Federation should give its full moral 
pport and backing to Clinica Chimica Acta. 
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For the Biochemical Congress in Brussels in 
1955, a strong Clinical Chemistry section was or- 
ganized, Committee meetings of the Commission 
and Committee was held, and there was a General 
Meeting of the Federation, which was well attended, 
like those in Amsterdam and in Paris. There was 
also a very successful banquet, organized by the 
Belgian Clinical Chemists, at which over a hundred 
attended. 

Colonel M. E. Freeman replaced Dr. A. Sobel 
as the American representative in 1955. 

An American invitation for a congress in New 
York im 1956 had been received in Amsterdam: in 
1954 and its acceptance was confirmed in Brussels 
in 1955. 

The Second International Congress of Clinical 
Chemistry was held under the auspices of the 
American Association of Clinical Chemists in the 
Park Plaza Hotel in New York in September 1956. 
Dr. Albert Sobel was the President, Dr. Max 
Friedman (Secretary A.A.C.C.) and the American 
Committee furnished an excellent programme in 
symposia and several sections, and the excellent 
entertainment culminated in a banquet. 

A Scandinavian invitation to a congress im Stock- 
holm in 1957 was received and accepted at this time. 
It met under the Presidency of Professor J. Leh- 
mann, and this Third International Congress was 
as successful as its two predecessors. 

In 1958 the Austrian organizers of the Bio- 
chemical Congress in Vienna arranged for a Clini- 
cal Chemistry section to be held within the Con- 
gress and for a banquet for the Federation. A 
General Meeting was held after one of the scientific 
sessions, when the Committee again reported on 
the activities of the Federation, as it had done at 
previous Congresses. Several changes were made 
in the composition of the Commission and Com- 
mittee: Dr. Wootton resigned as Secretary and was 
replaced by Colonel M. E. Freeman (U.S.A.) ; 
Professor N. F. Maclagan (U.K.) succeeded Dr. 
Wovtton as the representative of the British As- 
sociation of Clinical Biochemists; Professor J. 
Courtois succeeded Professor Paul Fleury as repre- 
sentative of the Société Francaise de Biologie Cli- 
nique; Professor K. Hinsberg became the represen- 
tative of Germany; and Professor V. Orekhovich 
representative of the U.S.S.R. Dr. S. H. Jackson 
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had been suggested from Canada as the represen- 
tative of their Society of Clinical Chemistry, Pro- 
fessor R. Ruyssen from Belgium, and Dr. M. C. 
Sanz from Switzerland. 

At the IUPAC Conference held in Munich in 
August 1959, these names were submitted to and 
agreed by the Biological Section and the Council 
of IUPAC. Prof. Sperry retired under the IUPAC 
eight year rule. Prof. King resigred and Colonel 
Freeman succeeded him as President. The full com- 
position of the Commission, subsequently confirmed 
as the Committee at the general meeting in Edin- 
burgh im 1960, was therefore as follows: 

Titular Members: Freeman, M. E., U.S.A., Pre- 
sident, Josephson, B., Scandinavia, Secretary, Cour- 
tois, J., France, Hinsberg, K., Germany, Jackson, 
S. H., Canada, Maclagan, N. E., U. K., Orekho- 
vich, V., U.S.S.R., Verschure, J. C. M., Nether- 
Jands. 

National Representatives: Ruyssen, R., Belgium, 
Sanz, M. C., Switzerland. 

Note: Titular members of a LUPAC commission 
receive their travelling expenses to meetings; their 
number is limited to eight. National representatives 
are full members of the commission, but do not 
receive their travelling expenses. 

For 1960 an invitation had been sent from the 
British Association of Clinical Biochemists to hold 
a congress of ‘Clinical Chemistry in Edinburgh. This 
was received at the meeting in New York in 1956, 
and was confirmed im Vienna in 1958. Under the Pre- 
sidency of Sir Rudolph Peters a highly successful 
Congress of symposia, communications and demon- 
strations was held in the week 14th—19th August, 
1960. There were nearly 600 registered participants. 
Dr. C. P. Stewart (Chairman), Dr. S. C. Frazer 
(Secretary Organizing Com.), and Dr. B. C. Frazer 
lyn (Sec. Prog. Com.) provided excellent enter- 
tainment as well as an outstanding scientific pro- 
gramme. At the Commission and Committee meet- 
ings it was reported that the Sub-Commission on 
Clinical Enzymes had met at Munich and had re- 
commended that enzyme activities be reported in 
terms of micro moles of substrate transformed per 
min. per litre; that a new scheme was in hand to 
despatch accurately analysed samples of freeze- 
dried blood plasma to selected laboratories im differ- 
ent countries to establish uniformity of analytical 
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results; that an invitation had been received fron 
the Canadian Society of Clinical Chemistry and the 
American Association of Clinical Chemists to hol 
a Congress in a border city in 1963; that in addition 
to the countries already having National societie 
of clinical chemistry, Yugoslavia, Portugal, Tanh 
and Australia were forming mew societies; agreec 
that a sixth congress be held in Southern Europe 
in 1966; that a Directory of member societies, im 
cluding names and addresses of officers, be pre- 
pared; and that the officers of the Commission anc 
Committee should now draw up a constitution anc 
bye-laws for the International Federation of Clinica 
Chemistry, which should be sent to the adhering 
national societies and subsequently discussed a 
ensuing Commission and Committee meetings anc 
at the next General Meeting to be held, probabh 
in a U.S.A.-Canadian border city. The following 
motion was put to the General Meeting by th 
Commission and Committee and was agreed: bi 
it resolved that the retiring Committee of th 
International Federation of Clinical Chemistr 
(IFCC) does now recommend to the IFCC tha 
the arrangement begun in Paris 1952, and sub 
sequently confirmed in Amsterdam in 1953, Brus 
sels 1955, New York 1956, Stockholm 1957, am 
Vienna 1958, whereby the Commission on Clinica 
Chemistry of IUPAC acts as the Committee of th 
IFCC be confirmed and continued. ‘ 

It is further recommended that in the future E 
in the past, the membership of the Commission an 
Committee be reviewed at each of its meetings i 
the light of the wishes of the National Societies ¢ 
Clinical Chemistry, in order that proper represet 
tation of International Clinical Chemistry may 
maintained, and that changes recommended shall 1 
presented to the next ensuing General Meeting 
the IFCC and to the Biological Section of Ive 
for confirmation. 


SUMMARY 
A Commission on Clinical Chemistry was form 
in the Biological Section of IUPAC in 195 
The International Federation of Clinical Chemist 
(IFCC) was founded in Paris in 1952. Internation 
Congresses of Clinical Chemistry have been he 
im Amsterdam (1954), New York (1956), Stoc 
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1 (1957), and in Edinburgh (1960). Sections of 
ical Chemistry have been organised (with the 
peration of the Committee of IFCC) in the 
rnational Biochemical Congresses in Paris 
2), Brussels (1955), and Vienna (1958). The 
imission on Clinical Chemistry acts as the Com- 
ee of the IFCC, and holds its meetings both 
he International) Congresses of Clinical Chem- 
y and (usually) during the International Con- 
ses of Biochemistry. The activities of the IFCC 


include the holding of congresses, the setting up 


of standards of reference, e.g. haemoglobin, inter- 
national trials of methods of analysis in clinical 
chemistry, the organization of schemes for the pre- 
paration of standard sera for analyses, the encour- 
agement of scientific activities with national socie- 
ties, the formation of new societies intercourse 
between them, and the holding of symposia on sub- 
jects in clinical chemistry organized by societies 
within countries as well as internationally. 
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CLINICAL ENZYME UNITTAGE 
By M. E. FREEMAN 


From the Sub-Commissions (of IUPAC and IUB) on Clinical Enzyme Units, River House A 202, 
1400 South Street, Arlington, Virginia, U.S.A. i 


Interpretation and translation of many 
arbitrary, varied and unrelated clinical en- 
zyme units in current use has been a source 
of misunderstanding and confusion among 
clinical chemists. This will continue to be a 
vexing problem until steps are taken to reach 
some agreement on a common unitage. The 
problem is obviously complicated by crude 
reactants and poorly defined reactions. It is, 
therefore, manifestly impossible to reach a 
completely satisfactory solution in every case. 
However, it was the considered opinion of 
the Joint Sub-Commission on Clinical En- 
zyme Units of the International Union of 
Biochemistry and the International Union of 
Pure and Applied Chemistry, meeting in 

“Munich in 1959, that some clarification 
should be attempted, that dimensions should 
be in basic units, clearly defined and accep- 
table to all chemists and clinicians. The con- 
clusion and recommendation of the Joint 
Sub-Commission was that, wherever practic- 
able, clinical enzyme units should be difined 
as micro-moles of substrate transformed per 
minute under specified conditions, and their 
concentration in terms of a millilitre (or 


litre) of serum, plasma or urine. Where thi 
is impossible or difficult because of the com 
plex nature of the substrate and uncertaint 
as to the nature of the products, e. g. wit 
fats, proteins or starch, the units should b 
expressed in terms of the analysable sul 
stances or groups determined to measure th 
reaction e. g. fatty acid, amino or carbox} 
groups and reducing groups. Thus, for it 
stance, with a phosphatase the enzym 
activity can be expressed as micro-moles ¢ 
organic phosphate hydrolysed (1. e. of pho: 
phate liberated per minute per millimett 
(or litre); with amylase as micro-moles ¢ 
reducing group. | 

This recommendation is in conformane 
with the report of the Enzymes Commissio 
of the International Union of Biochemistry 


i 
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Technigue and Practical Problems 
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A SIMPLE MECHANICAL STIRRING DEVICE 


ITS APPLICATION TO RAPID DETERMINATION OF CARBONATES 
BY A MODIFIED CONWAY TECHNIQUE 


By I. HOLM-JENSEN 


From the Pharmacological Institute, University of Aarhus, Denmark. 


(Received for publication October 6, 


Analytical procedures selected for use in 
lical routine should require a minimum of 
our and time expended on each analysis, 
l, preferably, the results should be 
ained within a short time. 
[The application of the Conway micro- 
fusion technique for the determination of 
bonates and ammonia (urea) in biological 
ids is, in practice, hampered by the fact 
t the time required for these analyses as 
formed in most laboratories is between 60 
1 90 minutes. 
conway (1957) points out that an in- 
ased rate of absorption can be obtained 
rocking or vibrating the Conway units 
ing the diffusion period. However, he 
ommends the use of stirring arrangements 
y with some reservation: “In general, 
king is not advised except for special pur- 
es, since it will obviously tend to diminish 
working ease and simplicity of the 
thod; where, however, suitable shaking 
‘ices are at hand their use may quite often 
we helpful.” 
\ mechanical stirring device which is 
table for use in several of the Conway 
ro-diffusion analyses is described below. 
application offers the advantages that 
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manual stirring for mixing samples and re- 
agents becomes superfluous, and that the 
diffusion time is often greatly reduced. 

The stirring arrangement consists of a 
circular disc provided with recesses to ac- 
commodate the Conway units. The disc is 
placed at an angle of 18° to the horizontal 
plane. The stirring is accomplished by rotat- 
ing the disc around its axis at a rate of 
about 16 revolutions per minute. 

On the basis of experiments, the slope of 
the disc and the rate of rotation given above 


The proposed turntable stirring device. For ex- 
planation, see text. 
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were selected as a safe compromise with re- 
gard to stirring efficiency and risk of acci- 
dental exchange of fluid between the outer 
and inner chambers of the Conway units. 
The maximum volumes of fluid in the inner 
chambers of the Conway units Nos. 1 and 
2 should not exceed 1.0 ml and 0.5 ml, re- 
spectively. 

The stirring arrangement (Fig. 1) is made 
from a 4-speed gramophone from which the 
tone arm is removed. The speed regulator is 
permanently adjusted to 16 revolutions per 
minute. The gramophone iis fixed to a 
wooden support in such a way that the 
turntable forms an angle of 18° to the 
horizontal plane. 

The disc for accommodating the Conway 
units is made of two layers of “Perspex” 
cemented together. The upper layer is fur- 
nished with 19 evenly spaced holes with di- 
ameters of 66.5 mm, corresponding to the 
Conway units No. 1. The disc has a central 
bore for the protruding shaft of the gramo- 
phone turntable. For accommodating the 
smaller Conway units, No. 2, rings of 
“Perspex” with inner diameters of 42.5 mm, 
corresponding to the outer diameters of these 
units, are placed in the recesses of the disc. 

The above stirring device has been used 
in different Conway micro-diffusion analyses. 
Its application in the modification of the ori- 
ginal Conway procedure for the determina- 
tion of carbonates in 0.1 ml samples of blood 
plasma recently described by the writer 
(Holm-Jensen 1960) is briefly discussed 
below. 

The first analyses were carried out on 
0.1 ml samples of a 25 mM NaHCO, solu- 
tion. The analyses were performed as de- 
scribed in the aforementioned paper with 0.5 
ml of 10 mM Ba(OH), as absorbent, but 
without manual stirring. The units were 
placed on the rotating disc of the stirring 
apparatus during diffusion periods of differ- 
ent lengths. In diffusion periods of 10, 30, 
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60, and 180 minutes, the quantities of 
recovered were about 85, 99, 100, and 
per cent, respectively. 

In subsequent experiments, the transfe 
of CO, was studied under varying expefi 
mental conditions. It was found that by re 
placing the 0.5 ml 10 mM Ba(OH), sol 
tion so far used for the absorption of CC 
by 0.4 ml of a 25 mM solution of the hydrox 
ide the 10-minute transfer increased to abou 
96 per cent, and with this absorbent th 
transfer in 15 minutes was determined a 
98.8 + 0.8 per cent; in 20 minutes it wa 
99.6 2= 0:8 per cent: : 

From the above findings it seems reason 
able to use 0.4 ml 25 mM _ solution ¢ 
Ba(OH), as absorbent and a diffusion perio 
of 15 minutes (corresponding to the transfe 
of 99 per cent ue the CO:) for routin 
analyses. 

The titrations may be carried out b 
means of the 0.1 ml burette with 0.2 ] 
standard hydrochloric acid. The bicarbonat 
concentration of the sample expressed 
milliequivalents per litre will then be equi 
to the difference, in ul, between the quai 
tities of standard acid used for titration « 
the blind and the sample analysis. F 

The procedure proposed above was final 
applied to the determination of bicarbon 
in human blood plasma; it was found thi 
also in this analysis a diffusion time of 1 
minutes was sufficient for the transfer of § 
per cent of the COs. 


nc 


The present study was aided by a grant a 
King Christian X’s Foundation. 
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A GASOMETRIC APPARATUS 
FOR DIRECT READING DETERMINATION OF 
CARBON DIOXIDE CONCENTRATION 
IN GAS MLXTURES 
3y O. SIGGAARD ANDERSEN anp K. JORGENSEN 


From the Department of Clinical Chemistry, Rigshospitalet, Copenhagen, Denmark. 


(Received for publication September 28, 1960) 


Jetermination of the blood acid-base 
tus by means of equilibration of blood or 
sma with CO, of known partial pressure 
iggaard Andersen, Engel, J¢rgensen & 
trup 1960) has, during the last few years, 
ind increasing application in routine work. 
ere is, consequently, an increasing need 
-a simple method for determination of the 
), concentration in gas mixtures. We have 
ind a modified -Hempel (or Orsat) appa- 
us practical. A description of the Hempel 
yaratus can be found in the Textbook of 
lantitative Inorganic Analysis (Vogel, 
51). The principle of the analysis is a 


asurement of the diminution in volume 


leasured at atmospheric pressure) after 
sorption of CO, in sodium hydroxide. In 


: original method. the gas mixture is ad- 


ted to atmospheric pressure after CO, 
sorption by levelling the surface in the 
elling bulb with that of the burette fluid. 
‘is levelling may be somewhat difficult and 
iccurate especially when the burette has 
sillary dimensions. The difficulty is avoid- 
in the modification described here by 
ng the absorption fluid as manometer 
id. 

The apparatus consists of a _ water- 
keted 10 ml pipette of which the lower 
1 forms a calibrated burette graduated 


from zero to 1.5 ml. The lower end of 
the pipette is connected through a stopcock 
(B) with a levelling bulb containing 0.1 M 
sulphuric acid. The top of the pipette is con- 
nected through the stopcock (A) with either 
the CO; absorption system (position 2) or 
with the tube where the gas mixture can be 
admitted (position 1). The CO, absorption 
system forms a detachable U-tube (see 
figure) connected with the apparatus by 
means of a ground ball joint. The U-tube is 
filled with enough sodium hydroxide for the 
surfaces to reach the middle of the two nar- 
row parts of the U-tube. The right side of the 
U-tube is filled with a bundle of glass tubes 
to increase the absorbing surface; the left 
side is surmounted by a soda-lime-tfilled tube. 

The. tube for the-gas admission is pro- 
vided with a small bubbling bulb filled with 
water to indicate the rate of the gas ad- 
mission. 

The level of the sulphuric acid in the 
pipette is regulated by means of the levelling 
bulb and the stopcock B. Care must be taken 
never to raise the sulphuric acid further than 
the level of stopcock A, and, likewise, never 
to suck the sodium hydroxide further than 
stopcock A. 

Before use, it is necessary to moisten the 
upper left side of the U-tube with sodium 
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hydroxide to insure complete return during 
the analysis. This is done by raising the sul- 
phuric acid from the lower end of the pipette 
with the stopcock A in position 2. With stop- 
cock A in position 3, the sodium hydroxide 
is next levelled with a pressure of one at- 
mosphere above both surfaces. The surfaces 
do not always level exactly because of differ- 
ent surface tensions due to the presence of 
carbonate on the right side. The accurate 
levels of the surfaces are marked. 


With stopcock A in position 1, the tube 
from the gas cylinder is now connected with 
the apparatus and the gas admitted. The 
pipette is washed a few times with the gas 
and then filled slowly to the zero point 
(slowly to ensure that the gas mixture is 
saturated with water vapor at the tempera- 
ture of the pipette). Now the tube from the 
gas cylinder is removed so that the gas mix- 
ture attains atmospheric pressure. With 
stopcock A in position 2, the gas mixture is 
now gently pushed 5 times to and fro be- 
tween the absorption tube and the pipette 
by means of the levelling bulb. The last time 
the sulphuric acid is lowered slowly until the 
surfaces of the sodium hydroxide in the U- 
tube have exactly the same position as mark- 
ed at the beginning of the analysis. The 
pressure of the gas in the cylinder is then 
one atmosphere and the CO, concentration 
of the gas mixture (concentrations reaching 
from 0 to 15 per cent) can be read directly 
in volumes per cent on the burette. 

One source of error is a change in tempe- 
rature of the gas during the measurement. 
To prevent this error the apparatus must be 
kept away from draught and warming of the 
sulphuric acid in the levelling bulb by hand 
be avoided. Another source of error is the 
absorption of other gases in the gas mixture, 
e.g. oxygen, due to high partial pressures. 
This error will be revealed if, after the first 
reading, the absorption procedure is repeated 
and new readings taken. If these readings 
show a significant drift the error on the first 
reading may be corrected by extrapolation. 

The standard deviation on a single deter- 
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Gas from 
Cylinder : 
; 
y 
‘ 
Positions : 
of | 
stopcock 


Modified Hempel (or Orsat) apparatus. 


mination calculated from 20 double analyse 
of different gas mixtures containing frot 
2.63 per cent CQ, to 9.51 per cent CO, wa 
0.013. per cent CO.: 
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BeCTANGULAR CUVETTES AS SELF-EMPTYING CELLS 
By K. JORGENSEN 


From the Department of Clinical Chemistry, Rigshospitalet, Copenhagen, Denmark 


(Received for publication September 28, 1960) 


n colorimetric routine work the advan- 
2s of self-emptying types of cells are well 
gnized. In their usual forms these cells 
cylindrical tubes with funnel-shaped 
fom outlets and require at least 4 to 5 ml 
olution for measurement. 
n our laboratories the greatest part of the 
rimetric analyses are performed on a 


Fig, 1, 


emptying cell, exploded view. An ordinary 
re cuvette, B, provided with a bottom hole, 
ued on to the piece of polyvinyl-chloride, C, 
which bore the polyethylene tubing, D, fits 
ly. The small block, A, of polyvinylchloride 
the like) is placed loosely at the bottom of B. 


Fig. 2. 


The mounting of a self-emptying cell. The cuvette 

(a 20 mm cell is shown) is lengthened with walls 

of polyvinylchloride glued on to the glass. The 

plastic walls continue into a cuvette housing lid 
(shown in vertical section). 


micro scale with all operations carried out in 
disposable glass tubes, 80 X 10 mm. (The 
tubes are packed and delivered dustless from 
the manufacturer to be used without previous 
rinsing.) Accordingly, our final volumes are 
about 2 to 3 ml. For such volumes self- 
emptying cells have been made, following the 
principles given below. They function well, 
even as 20 mm cells, e. g. in connection with 


god 
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the Beckman photometers type DU, B and C. 
Rectangular cuvettes are preferred to 
round ones as they allow the greatest pro- 
portions of their content to be exposed to 
the light beam. In addition the thickness of 
absorbent is well defined. However, a square 
cell is difficult to empty by suction as the 
fluid tends to be retained in the corners. This 
difficulty is overcome as shown in Fig. 1. 
The capillary space around the block insert- 
ed, together with its central hole, drains the 
cuvette efficiently when suction is applied. 
Cuvettes according to Fig. 1 can be placed 
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in the conventional holders and the so 
tion be furnished through some funnel in 


shown in Fig. 2. The actual appearance 
the set-up will depend on the photomete 
used. A diaphragm must eventually be in 
serted to limit the height of the light beam 
For very sensitive photometers the funne 
shaped opening must be covered durini 
measurement. When _ polyvinylchloride i 


retained in the funnel. 
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THESCONTENTS OF GLYCOGEN 


AND POTASSIUM IN HUMAN 


LIVRe iss Ue 


OBTAINED BY NER DLE BIOPSY. 


Earlier determinations of glycogen and 
Mtassium in human liver tissue have been 
srformed in post-mortem material or in 
ecimens obtained at operations. As far as 
e know no analyses of this kind have been 
arformed in needly biopsy material from 
althy subjects. However, glycogen analyses 
1 needle biopsy material from hospitalized 
itients have been carried out by Hildes, 
herlock & Walshe 1949, 


We have examined biopsy material from 
x healthy volunteers (4—9 in the table) 
id three patients with chronic polyarthritis 
—3). One of these (1) had an advanced 
rer damage (pre-cirrhotic stage according 
histological examinations) the other two 
iowed only slight unspecific inflammatory 
yer changes. All subjects had normal serum 
ectrolytes. 

All biopsies were performed between 10 
id 11 a.m. The subjects had not taken any 
od since the previous evening. A siliconized 
im—Silverman needle was used for the 
rer biopsies. Special care was taken not to 
filtrate either the capsula or the liver tissue 
ith local anesthetic. 

Wet weight of the biopsy material ranged 
tween 10 and 20 mg. The blood was wiped 
vay and visible connective tissue was rapid- 


ly removed by dissection. The material was 
divided into two pieces, one for water and fat 
determination, the other for glycogen, potas- 
sium and protein. For wet weight determina- 
tion each piece was stuck to a platinum hook 
and repetedly weighed on a micro balance 
during the first five minutes. By extrapolat- 
ing to zero time the original wet weight was 
estimated. 

The piece intended for water and fat deter- 
mination was dried in an oven at 90 centi- 
grades for twenty-four hours and then re- 
weighed. The water content was calculated. 
The fat was extracted with petroleum ether 
and the weight decrease was calculated. 

The other piece was immediately homo- 
genized in a plastic homogenizer containing 
2 ml distilled water. One ml of the homo- 
genate was used for potassium and protein 
determination and the rest for glycogen 
analysis. 

For protein determination sodium hydrox- 
ide solution was added to a final concentra- 
tion of 50 mEq/l. After 18 hours standing at 
room temperature the sample was centri- 
fuged and the alkali soluble protein deter- 
mined (Lowry, Rosebrough, Farr & Ran- 
dall 1951). Potassium was determined in the 
same solution by use of flame photometry. 

The glycogen was determined as trichlor- 
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acetic acid extractable hexose-polysacchar- 
ides. 30 per cent trichloracetic acid was added 
to the homogenate giving a final concentra- 
tion of 10 per cent and the solution was cen- 
trifuged. The glucose concentration in the 
supernatant was determined before and after 
hydrochloric acid hydrolysis, the orthotolui- 
din method for glucose beeing employed 
(Hultman 1959). Glycogen solutions treated 
in the same way were used as standards. 

The results are presented in the table. The 
glycogen and potassium contents were re- 
ferred to wet weight and to alkali-soluble 
protein content. In the statistical treatment 
subject I was excluded because of the histo- 
logical findings. 

A more extensive report will be published 


Table I. Results of analysis of live biopsy specimens. 1—3 chronic polyarthritis. 
Case 1 complicated with pre-cirrhotic liver damage. 4—9 healthy subjects. 
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later, in which the details of the methods wi 
be given and the results discussed. 


The investigation was supported by grants fr. 
«John Bergwalls Foundation» and the «Swedish | 
Association Against Rheumatism». 
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Number of determinations* ZU 
Mean value 69. 
Standard deviation 2 


* Subject 1 excluded. 
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8/100 g wet weight | g glycogen |K mEq/100 g| K mEq/g 
/g protein | wet weight 
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Pipa om OF AMIMERSED- TEST TUBES 
po Pr OrOMETERSCETES 


In the Stegemann (1960) version of amino 
id separation on resin columns, the ana- 
‘ical procedure is simplified by performing 
e ninhydrin color development in the same 
st tubes used for the collection of the 1 ml 
mples. The very same tubes are transferred 
rectly from the waterbath to the Elko-III 
pe of photometer in which the space around 
e tube has been filled by water. Drying or 
ping of the tubes which normally is a time- 
nsuming procedure, is unnecessary. 
The use of water instead of air in the space 
tween the light source and the photo cell 
ay have several advantages, and it may be 
ed in other types of photometers as well if 
closely fitting water container is inserted in 
€ apparatus. 
The figure illustrates a very simple device 
aich we have found convenient for the 
sckman B type of photometer. The water 
ntainer is made of black plastic, and the 
st tubes are supported in a shield or block 
3) through which the light beam may pass 
a vertical slit (C). To mount the container 
the photometer, the standard supporting 
ck is removed, and the container is ad- 
sted into its correct position and fixed 
mily in its place. 
As the whole container is filled with water, 
e “water blank” for zero adjustment of the 
jotometer can be omitted. Zero adjustment 
ntrol is automaticaly obtained whenever 
e samples are removed or replaced. In the 
lirect reading” type of photometer the only 
anipulation thus necessary is the transferr- 
x of tubes to the container and the writing 
wn of readings. If this is done by two diff- 
ent persons, more than one hundred samp- 
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les can be measured in less than twenty 
minutes. 

The errors due to the use of tubes rather 
than photometer cells of the standard type 
are reduced when the tubes are immersed in 
water, due to the more favorable refraction 
index. The tubes to be used must fit closely 
in the block and should be selected carefully 
from the same series. For calibration the 
reading of cobalt sulphate in dilute sulfuric 
acid at 515 mu was used. 

This device has proved to be extraordi- 
narily time-saving when large series of 
samples have to be coped with. 
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Fif. 1. The use of immersed test tubes as photo- 

meter cells. A — ‘‘windows”’, B — solid block, 

C — vertical slit, D — test tube, E — fundament 
or mounting. 
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easier... faster... cleaner determinations 
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